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Complexity is the paradigm of the 21st century and has been discussed in several fields of research. During 
the last years, increasing complexity in manufacturing companies has been one of the biggest issues in science 
and practice. Companies in high-technology marketplaces are confronted with technology innovations, 
dynamic environmental conditions, changing customer requirements, globalization of markets and 
competitions, as well as market uncertainty, inducing an increasing amount of complexity. Manufacturing 
companies cannot escape these trends. In today’s highly competitive environment, it is fundamental for 
company’s success to develop and launch new products quickly and with customer’s individual settings to 
the market. The companies cope with these trends by developing new product variants, which lead to an 
increased complexity in the company and in product development. Complexity is influenced by internal and 
external sources of complexity, so-called complexity drivers. Complexity drivers have an influence on 
companies and the total value chain. Managing a system’s complexity requires an optimum fit between 
internal and external complexity. Identifying, analyzing and understanding complexity drivers is the first 
step for complexity management’s development and implementation. Complexity management is a strategic 
issue for companies to be competitive. For managing and optimizing company’s complexity, a vast number 
of different single approaches is applied for different purposes. The main important strategies for single 
approaches’ application are complexity reduction, mastering and avoidance. Complexity management requires 
approaches for complexity’s understanding, simplification, transformation and evaluation. A successful 
complexity management approach enables a balance between external market’s complexity and internal 
company’s complexity. The purpose of this dissertation is to close existing gaps in scientific literature by 
providing a complexity management in variant-rich product development. Based on the methodology of  
Fink (2014), a systematic literature review was performed regarding the issues ‘complexity drivers in 
manufacturing companies and along the value chain and their effects on company’s complexity’, ‘application 
of specific single approaches and their targeted strategy’, as well as ‘approaches for complexity management 
and especially for resource planning’. An empirical research was conducted based on the methodology of 
Flynn et al. (1990) to document the current state in the German manufacturing industry regarding the issues 
‘complexity drivers in product development and their effects on company’s complexity’ and ‘application of 
specific single approaches for complexity management’. The empirical data was collected through 
questionnaires between 2015 and 2016. The empirical findings are compared with literature to identify 
commonalities and differences. Based on literature’s results, a new general approach for managing complexity 
in variant-rich product development was developed to bring the relevant steps for complexity handling in a 
sequence. It encourages the practitioner to manage product development’s complexity. In this approach, 
complexity in product development is systematically analyzed and evaluated to create conditions for target-
oriented managing and controlling of complexity. Furthermore, the general complexity management approach 
is modified and structurally optimized to establish a target-oriented approach for resource planning in variant‐
rich product development. It encourages the reader to calculate the amount of required resources over time 
in an early stage of a development process considering product development complexity. The new approaches 
are applied in the automotive industry to verify the results and approach’s applicability. 
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„I think the next (21st) century will be the century of complexity.“  
Stephen W. Hawking (1942 - 2018) 
This famous statement by Stephen W. Hawking (2000, p. 29) from the year 2000 describes the current situation 
in science and practice. According to Maguire, Allen and McKelvey (2011, p. 1), “complexity is one of the 
fastest growing topics” in scientific research. In practice, the same situation can be observed. Within the last 
decades, complexity in manufacturing companies and especially in product development has continuously 
increased in many industries all over the world (Schuh, Arnoscht and Rudolf, 2010, p. 1928; ElMaraghy et al., 
2012, pp. 793-797; Krause, Franke and Gausemeier, 2007, pp. 3-4; Lübke, 2007, pp. 2-4; Wildemann, 2005, 
p. 34). The reasons are social, market-specific, technological and economical changes, such as technology 
innovations, dynamic environmental conditions, changing customer requirements for individualized products, 
market’s globalization and market uncertainty. These are trends that manufacturing companies, especially in 
high-technology marketplaces, cannot escape and often lead to an increased complexity (Miragliotta, Perona 
and Portioli-Staudacher, 2002, p. 382; Perona and Miragliotta, 2004, p. 103; Gerschberger et al., 2012, p. 1016; 
Mohr, Sengupta and Slater, 2010, pp. 1-5, 9-21; Voigt et al., 2011, p. 1). Furthermore, markets are changing 
from sellers to buyers markets, caused by differentiated customer requirements and heterogeneity and the 
resulting necessity to create more individualized products (Wildemann, 2005, p. 34; Schuh, Arnoscht and 
Rudolf, 2010, p. 1928). 
In today’s highly competitive environment, it is fundamental for a company’s success to design and bring new 
products quickly and with customer’s individual settings to the market (Augusto Cauchick Miguel, 2007, 
p. 617; Lübke, 2007, pp. 2-3; ElMaraghy and ElMaraghy, 2014, p. 1). ElMaraghy and ElMaraghy (2014, p. 1) 
argue that “increasing global competition makes it necessary to generate wealth by being more competitive and 
offering goods and services that are differentiated by design and innovation”. As a reaction to the increasing 
global competition and customer’s individual needs, the companies are present in the market with a diversified 
product portfolio (Anderson, 2006, pp. 1-26; Caridi, Pero and Sianesi, 2009, pp. 381-382; ElMaraghy and 
ElMaraghy, 2014, pp. 1-2; Haumann et al., 2012, pp. 107-108; Cimatti and Tani, 2009, p. 1229). In consequence, 
the companies cope with these trends by developing new product variants, which lead to an increased 
complexity in the company (Brosch and Krause, 2011, p. 1) and in product development (Kim and Wilemon, 
2012, p. 1). According to Götzfried (2013, p. 31), manufacturing companies have changed their product portfolio 
from “standard, high-volume products to more exotic, low-volume products and product variants”. Other 
reasons for increasing complexity in product development are the increasing number of product launches in the 
market, shorter product lifecycles and customer’s demands for new and innovative products (Caridi, Pero and 
Sianesi, 2009, p. 381). According to Schaefer (1999, p. 311) and Chapman and Hyland (2004, p. 553), product 
development and innovation is an important key factor for business success. For company’s strategy, product 
development became a central importance (Clark and Fujimoto, 1991, pp. 1-15; Davila, 2000, p. 383; Gupta 
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and Wilemon, 1990, p. 24). Developing and producing individual and complex products for diversified 
marketplaces at minimum cost is the challenge of the 21st century (Schuh, Arnoscht and Rudolf, 2010, p. 1928; 
Lübke, 2007, pp. 2-4; Krause, Franke and Gausemeier, 2007, pp. 3-4; ElMaraghy et al., 2012, p. 797). 
One industry branch, which is characterized through high internal and external complexity, induced by an 
extensive product portfolio, shorter product lifecycles and customer’s demands for new and innovative products 
with customized settings, is the automotive industry. When translating this principle to the automotive 
industry, for company’s success and to be competitive, the automotive manufacturers have to bring innovative, 
individualized and complex cars in high quality and at low costs quickly to the market (Klug, 2010, p. 41). 
Globalization, internationalization, individualization and new technologies are reasons for the increasing 
product variety in the automotive industry (Klug, 2010, p. 41; Schoeller, 2009, p. 1). Furthermore, the 
requirements for electronical devices, safety and comfort also lead to an increase in product variety and 
complexity. In the strategic product planning of an automotive company, niche vehicles gain more and more 
importance, because new and smaller market segments have to be attended to (Klug, 2010, p. 41). 
Simultaneously, the innovation cycles have to be shortened due to market dynamics and lead to a further 
increase of complexity within the companies (Schoeller, 2009, p. 1). Another important factor that is currently 
being discussed is the fulfillment of legal environmental standards by the automotive manufacturers (Vogel, 
2017, p. 84). Due to the growing legal and social requirements, the companies have to accept the challenge to 
produce environmentally friendly cars and engines. Therefore, the fulfillment of legal environmental standards 
becomes a competitive factor. The manufacturers are forced to ensure the environmental compatibility of their 
products by developing new innovations (Ruppert, 2007, p. 80). As a result of this, more and more country 
and technological specific parts and products have to be developed (Klug, 2010, p. 41). 
As already mentioned, increasing complexity is one of the biggest tasks that manufacturing companies have to 
face today (ElMaraghy et al., 2012, p. 793). Managing a system’s complexity requires an optimum fit between 
internal and external complexity and comprises designing the necessary variety, handling variety-increasing 
factors, reducing variety and controlling complex systems (Schuh, 2005, pp. 34-35). According to Warnecke 
and Puhl (1997, pp. 359-362), company’s complexity can only be managed if it is identified. Thus, complexity 
understanding becomes more and more important in manufacturing companies (Isik, 2010, p. 3683). Complexity 
management requires approaches for understanding, simplification, transformation and evaluation of 
complexity (Hünerberg and Mann, 2009, p. 3). A successful complexity management approach enables a balance 
between external market’s complexity and internal company’s complexity (Rosemann, 1998, p. 61; Kaiser, 
1995, p. 17). For company’s success, it is necessary to implement a complexity management in company’s 
management process as an integrated concept (Kersten, 2011, pp. 17-18). This concerns mainly companies with 
an extensive product portfolio, such as automotive manufacturers. Product complexity is the main complexity 
factor in the automotive industry (Schoeller, 2009, p. 6). During the product development process, 80% of 
product’s costs are defined (Bayer, 2010, p. 89). Thus, variant-rich product development is an important factor 
for company’s business success and comes into complexity management’s focus. 
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1.2 Research questions and objectives 
The purpose of this dissertation is to develop a complexity management for variant-rich product 
development. This main purpose is subdivided into 5 sub-objectives and comprises 20 research questions, 
which are answered in this thesis. These research questions are separated into 14 research questions, focused 
on the literature research and 6 research questions, focused on the empirical research. 
For an effective and target-oriented complexity management, the sources of complexity, called complexity 
drivers, have to be identified, analyzed and evaluated first. Further, the complexity strategies and their applied 
single approaches for managing complexity are identified. Next, an approach for complexity management is 
needed to bring the relevant steps for complexity handling in a sequence. This general approach is applied and 
modified for company’s specific context or problem. 
Following this already mentioned procedure, the first objective is a systematic, explicit and reproducible 
literature review regarding complexity drivers in manufacturing companies and along the value chain, including 
the fields product development, procurement/purchasing, logistics, production, order processing/distribution/ 
sale, internal supply chain and remanufacturing. A literature review is needed to summarize and document the 
state of the art in scientific literature. For this literature review, the methodology of Fink (2014, pp. 3-5) was 
applied and the following research questions were defined: 
■ RQ 1: What are the different definitions of complexity drivers that currently exist in manufacturing 
  companies and along the value chain? 
■ RQ 2: What methods are applied in literature for complexity driver’s identification, operationalization, 
  and visualization? 
■ RQ 3: What complexity drivers occur in manufacturing companies and along the value chain? 
As already mentioned, this thesis is mainly focused on product development. Based on literature review’s 
results, the second objective comprises the identification and analysis of the complexity drivers in product 
development and their effects on company’s complexity. Furthermore, it comprises a comparison of literature’s 
results with the real world within an empirical research to document the current state in practice. The empirical 
research was conducted in the German manufacturing industry. Empirical research is needed to verify existing 
scientific knowledge and to identify commonalities and differences between literature and the real world. For 
this empirical research, the methodology of Flynn et al. (1990, pp. 253-255) was conducted. A further objective 
is to describe and process the perception between science and practice and their discrepancy. Before starting 
this empirical research, the existing literature regarding the complexity drivers and their effects, as well as the 
previous empirical studies, were reviewed. The following 2 research questions were formulated: 
■ RQ 4:  What complexity drivers currently occur in the field product development in manufacturing 
  companies in scientific literature? What effects do complexity drivers generally have on company’s 
  complexity? 
■ RQ 5:  What empirical studies in the field complexity management currently exist in scientific litera-
  ture? What objectives do they have and what research methodologies are applied? What empirical 
  studies concern with specific complexity drivers and their effects? 
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Based on this literature review, the research gap was identified and 4 further research questions, focused on 
the empiricism, were determined to close the research gap: 
■ RQ 6:  How is the product development of the participating companies characterized regarding product 
  and variant range; length of product life cycle and product development process; amount of 
  applied components, materials, technologies and processes; the height of the own value adding 
  percentage; as well as organization’s influence on product development’s complexity? 
■ RQ 7:  What are the main complexity drivers in product development and what interdependencies exist 
  between them? Can the complexity drivers be aggregated to factors? 
■ RQ 8:  What influences do high complexity and especially the complexity drivers have on product deve-
  lop ment’s complexity? 
■ RQ 9:  What are the significant differences and commonalities between the literature and practical 
  (empirical) results? 
After complexity driver’s identification, analysis and evaluation, as well as a comparison between literature 
and the real world to identify commonalities and differences, the complexity strategies and their applied single 
approaches for managing complexity have to be identified. Furthermore, the literature results in these issues 
also have to be compared with the real world. This is the third objective of this dissertation. Before starting 
this empirical research, the existing literature regarding complexity strategies and the applied single approaches 
for managing complexity have to be reviewed. Further, previously existing empirical studies have to be 
identified and analyzed to get an overview about their content, objectives, research methodologies and findings 
and to determine the gaps in scientific research. For the literature review, the methodology of Fink (2014, 
pp. 3-5) was used as well and the following 3 research questions were determined: 
■ RQ 10: What different single approaches for complexity management currently exist in scientific litera-
  ture? 
■ RQ 11:  What focus and objectives do the existing single approaches have? 
■ RQ 12:  What empirical studies in the field of complexity management in general and regarding specific 
   complexity management single approaches currently exist in scientific literature? 
For the empirical research, 2 further research questions were formulated to close the gaps in scientific research: 
■ RQ 13: What single approaches are applied for complexity management in product development and what 
 specific complexity strategy are they focused on? 
■ RQ 14:  What are the significant differences and commonalities between literature and the practical 
 (empirical) results? 
To bring the relevant steps for complexity handling, including complexity driver’s identification, analysis and 
evaluation, as well as the complexity strategies and their applied single approaches, in a sequence, an approach 
for complexity management is needed. The fourth objective of this thesis is to develop a praxis-oriented 
approach for managing complexity in variant-rich product development, based on scientific literature. Before 
developing a new approach, existing literature regarding complexity management approaches has to be 
1 Introduction 5 
 
identified, analyzed and evaluated in detail. This forms the basis for approaches’ development. For the 
literature review, 2 research questions were defined: 
■ RQ 15:  What different approaches currently exist in scientific literature? 
■ RQ 16:  What structure and focuses do the existing approaches have?       
Based on the existing literature, a new and general 4-stage complexity management approach for variant-rich 
product development was developed. The approach is subdivided in 7 steps and is focused on product 
development’s 3 main dimensions: Product complexity, process complexity and product portfolio complexity. 
For product development, especially variant-rich product development, the issue resource planning is of central 
importance for the company. Thus, this general approach has to be modified for company’s specific context or 
problem. The fifth and last objective of this work is to generate a praxis-oriented complexity management 
approach for resource planning in variant-rich product development based on existing literature. Resource 
planning comprises the quantitative planning of human and material resources over time. For the literature 
review and the development of a new praxis-oriented complexity management approach, the following 4 
research questions were determined: 
■ RQ 17: What different approaches for complexity management currently exist in scientific literature? 
■ RQ 18: What focus and structure do the existing approaches have? 
■ RQ 19: What approaches contain information about resource planning and are applicable for practice?  
■ RQ 20: What different stages are necessary for a praxis-oriented complexity management approach for 
  resource planning in variant-rich product development? 
As already mentioned, the purpose of this dissertation is to develop a complexity management for variant-
rich product development. To achieve this aim, 5 sub-objectives and 20 research questions were determined 
and answered in the following thesis (see chapters 3 to 7).  
1.3 Research process 
Before starting a research project, it is necessary to define the research process. Saunders, Lewis and Thornhill 
(2009, p. 5) define research as “something that people undertake in order to find out things in a systematic 
way, thereby increasing their knowledge”. Research is characterized by a systematical data collection and data 
interpretation to increase knowledge (Saunders, Lewis and Thornhill, 2009, p. 5). To ensure this, Saunders, 
Lewis and Thornhill (2009, pp. 10-11) developed a multi-stage process for conducting a research project (see 
Figure 1). This process is described as a series of stages, which have to be passed in a specified order. However, 
the precise number of stages, which are necessary for conducting a specific research project, varies. Generally, 
the research process starts with the formulation and clarification of the research topic (stage I) and a critical 
literature review (stage II). Then, the research philosophy and the approach are defined (stage III) before the 
research design is formulated (stage IV). Stage V is concerned with the data access and the compliance of the 
research ethics. Next, the data is collected and analyzed in stage VI and VII. In the last stage (VIII), the 
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results are documented and finalized for publication. In some cases, the stages III (definition of research 
philosophy and approach) and V (data access and compliance of the research ethics) can be ignored.  
 
Figure 1: Research process and research onion’s structure 
 
After describing the research process, Saunders, Lewis and Thornhill (2009, pp. 106-167) developed a “research 
onion” with 6 different layers (L1 to L6) for the following 4 stages: 
■ Stage III:  Research philosophies and approaches     L1, L2 
■ Stage IV:  Formulation of the research design: Research strategies    L3, L4, L5
   and choices, as well as time horizons 
■ Stage VI and VII: Data collection and data analysis     L6 
The first layer is concerned with the research philosophy and relates to the development and the nature of 
knowledge in a particular field. Developing knowledge is the major purpose to answer a specific problem. 
Research philosophy also contains important assumptions regarding researcher’s view of the world and supports 
the researcher in the definition of the research strategy and the specific methods. The research philosophy is 
separated in 4 different directions according to their focus: Positivism, realism, interpretivism and pragmatism. 
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being” (ontology), “researcher’s view regarding what constitutes acceptable knowledge” (epistemology) and 
“researcher’s view of the role of values in research” (axiology) (Saunders, Lewis and Thornhill, 2009, pp. 106-
108, 119).  
Positivism follows the philosophical attitude of the natural scientist. The research is undertaken in a highly 
structured and value-free way in order to facilitate results’ replication. Existing theory is used for generating 
the research strategy and for developing the hypotheses, which are tested and confirmed during the research 
process (Saunders, Lewis and Thornhill, 2009, pp. 113-114). According to Remenyi et al. (1998, p. 32), 
positivism is characterized by “working with an observable social reality” and the research’s results can be 
generalized similar to those, which are generated by the physical and natural scientists. Besides positivism, 
realism is also related to scientific enquiry with the purpose of developing knowledge by using a scientific 
approach. However, realism is not value-free. The essence of realism is that the “reality is the truth” and 
“objects have an existence independent of the human mind” (Saunders, Lewis and Thornhill, 2009, p. 114). 
Interpretivism is characaterized through understanding the differences between humans in the role as social 
actors. The research is also not value-free and the results contain subjective meanings and social phenomena, 
because the researcher is part of the research (Saunders, Lewis and Thornhill, 2009, pp. 115, 119). For 
pragmatism, the most important factor is the research question. Observable information and subjective 
meanings are used for developing acceptable knowledge to answer the research question (Saunders, Lewis and 
Thornhill, 2009, p. 109).  
The second layer is also a part of stage III and decribes the 2 different research approaches, which are applied 
for scientific research: Deductive research and inductive research. Deductive research is focused on testing an 
existing theory from literature and is associated to the research philosophy positivism. In contrast, inductive 
research is focused on building new theories based on collected data and is associated to interpretivism. The 
deductive research is predominantly used in the natural sciences and characterized by using highly structured 
approaches, developing and testing of hypotheses based on quantitative data and explaining of causal 
relationships between different variables. Further important characteristics are the operationalized concepts 
for quantitive measurement of the data and the generalization of the results. The researcher is not a part of 
the researched field. The inductive research is characterized through qualitative data and the development of 
an understanding regarding a specific research context. Gaining an understanding of humans’ meanings and 
an understanding, why something is happening, is in the focus. In contrast, results’ generalization is less 
important and out of focus. The research structure is more flexible and the researcher is a part of the research 
process. Thus, the inductive research process is much longer regarding the time period and riskier than a 
deductive research process (Saunders, Lewis and Thornhill, 2009, pp. 124-127). 
Another important part of the “research onion” is the research design (stage IV) with the layers ‘research 
strategies’ (L3), ‘research choices’ (L4) and the ‘time horizons’ (L5). The research design is a general plan for 
answering the research questions. Before formulating the research design, it is necessary to define the purpose 
of the reseach project. In literature, 3 different classifications of research purposes exist and are used for 
answering the research questions: Exploratory, descriptive and explanatory (Saunders, Lewis and Thornhill, 
2009, pp. 136-139). An exploratory study is characterized through valuable means and is often used to find 
out, what happened or to get a new insight in something (Robson, 2002, p. 59). Exploratory studies are very 
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flexible and adjustable to change and can be conducted by reviewing the literature, interviewing experts or by 
conducting focus group interviews. Descriptive studies are applied for describing situations, events or profiles 
of persons. Before starting a descriptive study, the researcher needs a clear picture of the phenomena on which 
the data is collected. Explanatory studies are characterized through the explanation of causal relationships 
between different variables regarding a situation or problem. The relationships can be identified by analyzing 
quantitative or qualitative data. The quantitative data is analyzed by statistical tests to identify the 
relationships. In contrast, qualitative data is analyzed by explaining the reasons, why something has happened 
(Saunders, Lewis and Thornhill, 2009, pp. 139-141). 
After selecting the research purpose, it is necessary to identify the appropriate research strategy. In literature, 
several research strategies exist and are described. However, the strategies are often related to a specific research 
purpose and the choice of a specific strategy is related to the research questions and objectives. The following 
strategies are applied in scientific research: Experiment, survey, case study, action research, grounded theory, 
ethnography and archival research. Detailed information about these strategies is described in the publications 
of Saunders, Lewis and Thornhill (2009, pp. 141-151) and Robson (2002, p. 178). 
In the next layer, different research choices (L4) are described. In scientific research and especially in business 
and management research, 2 types of data exist: Quantitative and qualitative data. Both terms are often 
associated with their data collection techniques and data analysis procedures. Generally, quantitative data is 
numerical data (numbers), which is collected for example through questionnaires and analyzed by statistical 
methods. In contrast, qualitative data is non-numerical data (words), which is collected for example through 
interviews and analyzed by data categorizing. The research choice is characterized through the combination of 
quantitative and qualitative data collection techniques and analysis procedures. In literature, the research 
choice can be separated in ‘mono method’ and ‘multiple methods’. Mono method uses only 1 data collection 
technique and analysis procedure: Quantitative (e.g. questionnaire) or qualitative (in-depth interviews). In 
contrast, multiple methods “use more than one data collection technique and analysis procedures to answer the 
research question” (Saunders, Lewis and Thornhill, 2009, p. 151). Multiple methods can be further separated 
in ‘multi-methods’ and ‘mixed-methods’. Using more than one quantitative or qualitative data collection 
technique and analysis technique during the research process, is a multi-method study. Mixed-method research 
“uses quantitative and qualitative data collection techniques and analysis procedures either at the same time 
(parallel) or one after the other (sequential) but does not combine them” (Saunders, Lewis and Thornhill, 2009, 
p. 152).   
After defining the research choice and before starting the data collection, the researcher has to determine the 
time horizon (L5). This is also an important part of the research process and its planning. Generally, the time 
horizon is independent from the research strategy and the applied methods. In scientific research, 2 different 
time horizons exist: Cross-sectional and longitudinal. Cross-sectional researches study a specific phenomenon 
at a particular time, like a “snapshot”. For these studies, a survey strategy is often used. In contrast, longitudinal 
studies have a “diary” perspective with the purpose of studying changes and/or developments over a period of 
time (Saunders, Lewis and Thornhill, 2009, pp. 155-156). 
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Before starting the data collection (stage VI) and data anlysis (stage VII), the data access and the compliance 
of the research ethics are checked. Gaining access to an appropriate source is important for collecting primary 
or secondary data. The suitability of a data source depends on the research question, the objectives and the 
research design. In literature, 2 different kinds of access are described for answering the research question(s): 
Physical access (e.g. to an organization) or cognitive access (e.g. representative sample of participants or 
secondary data). When conducting a research project, the researcher has to think carefully about ethical 
concerns regarding data access, as well as data collection, analysis and reporting before starting the research. 
During the last years, the ethics of research pratice have increased strongly (Saunders, Lewis and Thornhill, 
2009, pp. 168-172; 183-184).  
In the next step, the data has to be collected (stage VI) and analyzed (stage VII). After analyzing, the results 
have to be published (stage VIII). Data collection and analyzing is a vast field and will not be explained in 
detail in this section. Further information about these 2 topics can be gathered from the publication of 
Saunders, Lewis and Thornhill (2009). 
In this dissertation, the research process from Saunders, Lewis and Thornhill (2009) is used for structuring the 
research project. In the first stage, the research topic is formulated and clarified. As already mentioned, 
complexity in manufacturing companies and especially in product development has continuously increased 
within the last years. The reasons are market’s globalization and uncertainty, technological and economical 
changes, as well as changes in customer requirements for individualized products, which have to be developed. 
Manufacturing companies cannot escape these trends. Thus, a complexity management in manufacturing 
companies and especially in variant-rich product development is necessary to be competitive. The following 
research topic is definied as the title of this dissertation: Complexity management in variant-rich product 
development. 
In the next stage (stage II), the relevant literature is reviewed to describe the current state of the art and to 
identify research gaps in existing scientific literature. For the literature reviews, the methodology of Fink (2014, 
pp. 3-4) was used. Fink (2014, pp. 3-4) divides a literature review into 7 tasks (1 to 7), starting with the 
definition of the research questions (1) and the selection of the required sources (2), such as bibliographic or 
article databases, web sites and other sources to identify relevant literature. Then, the search terms are defined 
(3). The search terms are based on the words that frame the research questions, including all relevant synonyms 
and paraphrases. To increase research’s quality, the databases and search terms should be checked by other 
experts or researchers. In the next step, practical (4) and methodological (5) screening criteria are defined and 
applied to identify (6) and select (7) the relevant literature from the entity of found literature.  
According to Fink (2014), 14 research questions, focused on reviewing the existing literature, are formulated 
in this thesis (see section 1.2). To extend the amount of relevant literature, the literature research was 
conducted in English- and German-language literature and databases. The following 8 English and German 
databases were used: EBSCOhost, Emerald, GENIOS/WISO, Google Scholar, IEEE Xplore, JSTOR, 
ScienceDirect and SpringerLink. The databases were defined through an iterative cycle, starting with 1 
database. During the research process, some literature sources were found in other specific databases. Thus, 
these databases were also included in the research process. The literature search was performed within a 
10 1 Introduction 
 
“particular grammar and logic” (Fink, 2014, p. 3). The key words and their synonyms, as well as other terms 
were combined with Boolean operators, such as AND, OR, NOT and NEAR. Generally, the application of 
Boolean operators depends on the specific database. The finalized search terms were also identified through an 
iterative cycle, starting with 1 key word and adding more in the process of research in order to summarize all 
necessary and possible literature and results (Saunders, Lewis and Thornhill, 2009, pp. 75-78). Furthermore, 
the search terms are defined in English and German and then formulated more general to extend the results 
and to prevent the elimination of important articles (see Tables 1, 34, 45 and 48). The search resulted in a 
certain amount of literature sources, including research papers from journals, conference proceedings, working 
papers, books, essays and PhD theses, but only a few are relevant. In addition, several literature sources were 
found repeatedly. Consequently, it was necessary to screen and synthesize the results. The searched literature 
was analyzed, evaluated and synthesized based on the qualitative content analysis and the aforementioned 
research questions to identify the relevant literature sources. Within the qualitative content analysis, the 
information was extracted, formatted and evaluated. For analyzing and synthesizing the literature, different 
categories were defined based on the research questions. During the analyzing and synthesizing process, the 
categories were altered and new ones were added. Then, the categories were implemented in a synthesis matrix 
to organize and assign the identified literature and their different contents. Sources without focus on 
manufacturing companies or the value chain were not considered. The results from the different literature 
sources were compared to identify commonalities and differences. The literature reviews were closed by 
identifying scientific gaps (see section 2.2) and result’s documentation. To compare the results from literature 
with empirical findings, the time period for the different literature researches was restricted between 1900/01/01 
and 2015/12/31, because the empirical study was performed in the years 2015 and 2016. 
After reviewing the relevant literature, the research philosophy and the research approach are defined. In 
literature, 4 different research philosophies are mentioned for developing knowledge in a particular field: 
Positivism, realism, interpretivism and pragmatism. Further, 2 different approaches are applied for scientific 
research: Deductive research and inductive research. For this dissertation, the research philosophy positivism 
is followed to develop additional knowledge regarding complexity management in variant-rich product 
development. Positivism is characterized through a highly-structured and value-free research to facilitate 
results’ replication and generalization. Existing literature is used as a basis for this research. Regarding 
research’s approach, the deductive research is applied in this thesis to test existing theories and knowledge 
from literature based on quantitative data and highy structured approaches. Causal relationships between 
different variables are explained and the results are generalized. In summary, the research philosophy positivism 
and the deductive approach can be recognized in all main parts of this thesis (see chapter 3 to 7). 
In the next stage (stage IV), the research design is formulated, starting with the research strategy. Then, the 
research choice and the time horizon are determined. In this dissertation, the research strategy ‘survey’ is 
applied to collect quantitative data regarding ‘complexity drivers in product development and their effects on 
company’s complexity’ and the ‘application of specific single approaches for complexity handling’ from the 
manufacturing industry of Germany, by using a questionnaire. The data is analyzed with descriptive statistics 
(see chapter 4 and 5). The research purpose is a combination of descriptive and explanatory. In this thesis, the 
complexity situation and phenomenon in the manufacturing industry of Germany are described and the causal 
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relationships between different variables are explained. Regarding the research choice, only quantitative data 
is collected and analyzed in this study (mono method). Further, the time-horizon cross-sectional is used in this 
dissertation to study the complexity situation and phenomenon within the German manufacturing industry at 
a particular time. The survey strategy in combination with collecting quantitative data at a cross-sectional 
time horizon is often applied in business and management research. 
Before starting the data collection, the data access and the compliance of research ethics are checked (stage 
V). For the survey in this disseratation, the Amadeus database was used as the data source (cognitive access). 
In the Amadeus database, all manufacturing companies of Germany from different fields of industry are 
documented at a particular time. Regarding research ethics, the ethical concerns regarding data access, as well 
as data collection, analysis and reporting are considered during the research process.  
Next, the data is collected (stage VI) and analyzed (stage VII) before publication (stage VIII). In this thesis, 
an empirical study was used to document the current state in the manufacturing industry of Germany regarding 
the issues ‘complexity drivers in product development and their effects on company’s complexity’ (see 
chapter 4) and the ‘application of specific single approaches for complexity handling’ (see chapter 5). The 
empirical findings were compared with the literature to identify commonalities and differences. The empirical 
research was conducted based on a 6-stage systematic approach (I to VI), which was developed by Flynn et al. 
(1990, pp. 253-255). The approach starts with the determination of the theoretical foundation (I) and the 
research design (II). Then, the data collection method is selected (III). The data collection method, which is 
mostly used in scientific research, is the questionnaire. It is a useful technique for single and multiple case 
studies, as well as panel studies and focus groups. In stage IV, the data collection methods and sample 
description for research’s implementation are selected. Before preparing the research report for publication 
(VI), the collected data is processed and analyzed in stage V (Flynn et al., 1990, pp. 253-268). Following the 
methodology of Flynn et al. (1990), 6 empirical research questions (see section 1.2) were defined in the first 
step. Then, the research design ‘survey’ was selected. For data collection, a standardized questionnaire with 16 
questions and a fixed response possibility was applied in this research. The questions were formulated based 
on the research questions and the questionnaire was structured in 4 main parts: General information regarding 
the respondents (company size, field of industry and respondent’s position in the company); general information 
about product development’s characteristics (dimension of product and variant range; length of product life 
cycle and product development process; amount of applied components, materials, technologies and processes; 
as well as the height of the own value adding percentage), information about the complexity drivers and their 
effects and the application of specific single approaches for complexity handling. The data was collected from 
a stratified random sample, which was taken out of a given population of 17,862 manufacturing companies, 
located in Germany with more than 50 employees. In 2015 and 2016, the questionnaire was sent by e-mail to 
3,086 companies in 2 stages, exclusive of service and printing companies. Before starting this empirical research, 
a first version of the questionnaire was pretested by 40 experts from the potential target group to check and 
refine the wording, understanding, relevance, as well as the measurement instrument. Furthermore, question-
naire’s length and the time for questionnaire’s responding was checked. Based on pretest’s results and comments 
from the experts, the questionnaire was revised and checked again by a smaller group of experts. For answering 
the empirical research questions, the empirical data was analyzed by using statistical data analysis techniques 
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from the groups descriptive statistics (e.g. means, frequencies and proportions), measures of dimensionalities 
(e.g. factor analysis) and statistical interpretation of parameters (correlation analysis). In the last stage (stage 
VIII), the results are summarized and documented. 
1.4 Contribution for science and practice 
The contribution of this dissertation is to gain additional knowledge for science and practice based on literature 
and empirial research by describing what is currently known in literature and practice on the following issues:  
■ Complexity drivers in manufacturing companies and along the value chain, especially in product develop-
ment and their effects on company’s complexity. 
■ Complexity strategies and their applied single approaches for managing complexity. 
■ Approach(es) for complexity management, especially in variant-rich product development. 
■ Complexity management approach for resource planning, especially in variant-rich product development. 
A further contribution is to answer manager’s questions regarding the different issues and to compare the 
empirical findings with literature to identify commonalities and differences. In additon, this dissertation closes 
currently existing gaps in literature regarding the aforementioned issues and gives implications for future 
research. 
From scientific perspective, the different literature reviews, which were performed in this thesis, present a 
current state of the art about the already mentioned issues and give the researcher a first insight and general 
understanding about the different topics before starting a research project in this field. Furthermore, existing 
gaps in literature are pointed out. Prinicipally, the literature reviews can be used for further dissertations or 
research proposals to give an overview about the specific issue and are helpful for other researchers, who have 
no prior knowledge in this field. Based on these reviews, researchers can build new ideas and theories for their 
own research. Further, it helps the researcher to avoid time-wasting and research effort by “reinventing the 
wheel”. In this thesis, the research methodologies regarding the different issues, including research questions, 
databases and synthesizing methods are described in detail to increase transparency and traceability. This 
enables the researcher to reproduce the findings. The literature reviews provide a comprehensive survey of 
significant literature and their results on the different issues based on analyzing, synthesizing and summarizing 
the existing literature. Regarding the issue complexity drivers, the different literature sources and the trends 
of complexity drivers in literature and in the different fields (general in manufacturing companies and/or along 
the value chain, especially in product development) over the last 25 years are described. The trends show the 
researcher how essential the topic complexity drivers is in literature and that it is thus interesting for future 
research. Furthermore, different definitions of complexity drivers are analyzed and described. Based on this 
result, a new overall definition of complexity drivers is presented. In addition, the existing approaches for 
complexity driver’s identification, operationalization and visualization are identified and specified according to 
their focus. The identified complexity drivers are clustered in aggregated complexity driver’s main categories 
according to their characteristics to provide a general classification system without overlaps. Further, the 
effects of high complexity, which are induced by the complexity drivers, are described and classified based on 
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literature. A new general framework for complexity effect’s identification, analysis and evaluation in the 
company and along the value chain is generated and presented for other researchers. Regarding the issue 
complexity strategies and their applied single approaches for managing complexity, this thesis presents the 
researcher an overview about the existing single approaches and their targeted strategies, which are described 
in literature by different authors. According to the approaches for complexity management in variant-rich 
product development and for resource planning, an overview about the existing complexity management 
approaches in the company and in different fields along the value chain, including the analysis of approaches’ 
structure, targets and applicability for resource planning, is presented. Based on these results, a new general 
approach for complexity management in variant-rich product development and for resource planning is 
generated and provided for other scientific researchers. 
As already mentioned, a further contribution of this dissertation is to gain additional knowledge for science 
and practice based on empirial research. From scientific perspective, the empirical researches establish a 
connection between scientific research and practice within a systematical and target-oriented data collection 
and allow the researcher an insight in the real world. The empirical studies give the researcher an overview 
about what is already known in practice and practice’s tendencies about the issues complexity drivers in 
product development and the application of specific complexity management single approaches. It closes a 
currently existing gap in scientific literature by comparing the literature and empirical results to identify 
similarities and differences and to verify scientific findings. Based on this comparison, the theoretical findings 
can also be confirmed, advanced or progressed within the empirical researches, which are presented in this 
thesis. Furthermore, the researcher gains some detail information about the research and data collection 
methodology, the objectives and the sample description to increase transparency. This enables the researcher 
to reproduce the findings. Based on the empirical findings, researchers can build new ideas, theories and 
hypotheses for their own research. Regarding the empirical research about the application of specific complexity 
management single approaches, the empirical research shows that in practice the application of a specific 
complexity management single approach depends on the situation and complexity problem, as well as the 
desired strategy. Thus, the approaches cannot be assigned to 1 specific strategy, contrary to the current opinion 
in scientific literature. 
From practical perspective, this dissertation and the presented literature reviews give the practitioner a 
first insight and understanding about the different aforementioned issues and their importance. The result of 
different scientific researches was that companies are aware of complexity and some of its causes, but they 
often do not know how to handle it, because of a lack of specific methods or tools. Thus, different methods or 
tools for complexity handling are described in this thesis, including for complexity driver’s identification, 
operationalization and visualization, as well as an overall selection of specific single approaches for managing 
complexity and their targeted strategy. Beyond, the practitioner gets an overview about different approaches 
for complexity management and their focuses, which were developed by other authors and for different fields 
along the value chain. Based on these approaches, a new general approach for complexity management in 
variant-rich product development and resource planning is developed and provided for the practitioners, 
including the structure, targets and focus. Thus, the practitioners can choose the right method, tool or approach 
for solving their complexity task or problem. Furthermore, this thesis answers manager’s questions concerning 
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the different issues. Regarding complexity drivers and their effects on company’s complexity, the following 
manager’s questions “What are complexity drivers?”, “Why they are so important for me?”, “What effects do 
they have on my/our/company’s complexity?”, “How can I identify, operationalize and visualize complexity 
drivers?” and “What are important complexity drivers in the field of product development?” are answered by 
providing an overall definition about complexity drivers and an overview about existing approaches for 
complexity driver’s identification, operationalization and visualization. In addition, a list of theoretical existing 
complexity drivers and their effects on company’s complexity, which were found in literature, are described, so 
the management has a general overview about complexity drivers and their effects and can compare these 
findings with their own complexity drivers to identify commonalities and differences, as well as get a first 
indication. Further manager’s questions regarding the application of different single approaches for managing 
complexity are also answered in this work: “What are single approaches for complexity management?”, “What 
different single approaches exist?” and “What is their focus and targeted strategy?”. Therefore, a general 
description for a complexity management single approach is given and the different single approaches, which 
exist in scientific literature, are described, including their focus and targeted strategy. Regarding the issue 
approaches for complexity management and resource planning, the following manager’s questions are also 
answered: “What different approaches for complexity handling and resource planning exist?”, “On what 
situation or on what field in the company and along the value chain are they focused?”, “What structure or 
stages and targets do they have?”, “What approaches comprise the quantitative planning of human and material 
resources over time?” and “Are the approaches applicable for resource planning in product development?”. 
Thus, an overview about the different approaches for complexity management and resource planning, including 
their structure, targets and focus, is presented.  
As already mentioned in the category scientific perspective, a further contribution of this dissertation is to 
increase additional knowledge for science and practice based on empirial research. From practical perspective, 
the first empirical study gives the practitioner an overview about complexity perception by other practitioners, 
especially in the field product development. Furthermore, the practitioner receives a differentiated overview of 
complexity in product development, which is perceived in different fields of industry. The studies also answer 
the following manager’s questions “What complexity sources (drivers) have a high influence on product 
development’s complexity and are thus relevant for the company?” and “What effects does high complexity 
within the company have on product development?”, by providing an overview about the main and relevant 
complexity drivers, which were assigned by the respondents with a strong or very strong influence on product 
development’s complexity. Beyond, the practitioner gets an overview about the main topics and properties in 
product development with high complexity, which have a strong or very strong influence on product 
development’s performance as said so by the respondents. This overview can increase transparency for the 
practitioner. Regarding the single approaches for complexity management, the second empirical study gives 
the practitioner an overview about the different approaches for complexity management and their focus and 
targeted strategy. Further, this study also answers the following manager’s questions “What different 
approaches are used by other practitioners in other fields of industry?” and “What focus or strategy is pursued 
by other practitioners in other fields of industry by using a specific single approach?” by providing an overview 
about the complexity management single approaches and their main focus or strategy. However, a specific 
recommendation regarding the application of a specific single approach cannot be given, because the selection 
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and application of a specific approach and strategy depends on company’s situation or complexity problem. 
However, this empirical research helps the practitioners to find the right approach for their specific situation 
or complexity problem. 
1.5 Structure of the thesis 
The present dissertation is subdivided into 8 chapters (see Figure 2), starting with the introduction, the basics 
and a literature review. The introduction contains the motivation, the research questions and objectives, the 
research process, as well as the contribution for science and practice.  
In chapter 2, the issues complexity management, product development, as well as resource planning are 
described and gaps in scientific literature are pointed out.  The fundamentals and basic definitions according 
to complexity and complexity management are presented. Further, the sources of complexity, called complexity 
drivers and their effects on company’s complexity, as well as the strategies and the applied single approaches 
for managing complexity are described. Next, the current state of the art regarding complexity management 
approaches is pointed out. Regarding product development, product development’s characterization and 
objectives along with its phases are described. Furthermore, the reasons for complexity in product development 
and the importance of resource planning in product development are described. At the end of chapter 2, the 
gaps in scientific research regarding the 3 aforementioned issues are presented. 
For an effective complexity management, the sources of complexity have to be identified, analyzed and 
evaluated first. Further, the complexity strategies and their applied single approaches for managing complexity 
are identified. Next, an approach for complexity management is needed to bring the relevant steps for 
complexity handling in a sequence. This general approach is applied and modified for company’s specific context 
or problem. The chapters 3 to 7 concern the mentioned procedure and answer the above-mentioned research 
questions.  
In chapter 3, a literature review regarding complexity drivers in manufacturing companies and along the value 
chain is described. The chapter starts with an introduction and the research method, including the research 
methodology and questions, the boundary definition, as well as the research segmentation and overview. Some 
definitions of literature reviews are disclosed and a framework for constructing a literature review is specified. 
Next, the literature review about complexity drivers, including the results of the literature research, is 
described, starting with the analysis, classification and segmentation of the identified literature sources 
according to their content and objectives and to identify gaps in scientific literature. The trend of all literature 
sources about complexity drivers in a specific period of time is presented. Furthermore, an overview about 
different definitions for complexity drivers and approaches for complexity driver’s identification, 
operationalization and visualization is presented. A new general and extensive definition for complexity drivers 
is generated based on literature’s findings to close this literature gap. The new definition summarizes all 
information from already existing definitions and is applicable general in manufacturing companies, as well as 
in all parts along the value chain. The most discussed complexity drivers in manufacturing companies and 
along the value chain are described and classified in a new general and extensive classification system. The new 
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classification system is created in a superior way without overlaps between the different complexity driver 
categories and based on existing classification systems to close the existing gap in literature. In addition, this 
classification system can be applied general in manufacturing companies and in all parts along the value chain. 
All complexity drivers, which occure in the company and along the value chain, can be allocated to this superior 
classification system. Finally, implications for future research are highlighted. 
To verify existing scientific knowledge and to identify commonalities and differences, the results from literature 
are compared with the real world within an empirical study. Chapter 4 presents an empirical research regarding 
complexity drivers in product development and its comparison with literature. It starts with an introduction 
and a literature review about complexity drivers in product development and their effects on company’s 
complexity. Furthermore, an overview about existing empirical researches in the field complexity management 
in a specific period of time is described to identify gaps in literature. Previous empirical studies regarding 
complexity management are focused on various issues and refer to different fields along the value chain. 
However, an empirical study in the field product development and with focus on complexity drivers and their 
effects on company’s complexity does not exist yet. To close this gap in literature and to identify practice’s 
knowledge and tendencies about this topic, a new empirical research in the German manufacturing industry 
was conducted. Next, the research methodology and objectives, questionnaire’s design, as well as the data 
collection methodology, sample description and the statistical analysis, including research’s limitations, are 
presented. The empirical findings regarding complexity drivers in product development and their effects on 
company’s complexity, as well as the sample results are described. The complexity drivers are aggregated based 
on a correlation and factor analysis to identify the most important factors, which reflect more than 50% of the 
complexity drivers in product development. These factors are important for a target-oriented complexity 
management in product development. In addition, the empirical results are compared with literature to identify 
commonalities and differences, as well as to verify existing scientific findings. Based on this comparison, the 
theoretical findings are confirmed, advanced and progressed. In the end of chapter 4, the research questions 
are answered and implications for future research are pointed out. 
After complexity driver’s identification, analysis and evaluation, the complexity strategies and their applied 
single approaches for managing complexity come into focus. In chapter 5, an empirical research about single 
approaches for managing complexity in product development and their objectives is presented and starts with 
the introduction and a literature review. The literature review presents an overview about the different single 
approaches, which are applied for managing company’s complexity and their objectives. Furthermore, the 
existing empirical researches in the field of complexity management are described and analyzed to identify gaps 
in literature. As already mentioned, previous empirical studies are focused on various issues and refer to 
different fields along the value chain. However, none of the existing studies concern with specific single 
approaches and their targeted strategy for complexity management in product development. Furthermore, the 
previous studies do not compare their results with the literature to identify commonalities and differences and 
to verify scientific findings. Closing this gap is the aim of the new empirical study. In the next step, the 
empirical research is described in detail by presenting the research methodology and objectives, questionnaire’s 
design, as well as the data collection methodology, sample descriptions and the statistical analysis. Next, the 
empirical findings are described. In the first part, the sample results and the data validation are presented. 
1 Introduction 17 
 
Data validation is important for distortions’ avoidance and to ensure that the empirical findings are 
representative for generalization. The second part gives an overview about the results and practice’s knowledge 
and tendencies regarding the single approaches for managing complexity and their targeted strategies. In the 
last part, the empirical findings are compared with the existing literature to identify commonalities and 
differences. Based on this comparison, the theoretical findings are also confirmed, advanced and progressed. 
Chapter 5 is closed by answering the research questions and with implications for future research. 
As already mentioned, a further important part of an effective complexity management in a company is a 
specific approach for complexity management, which includes all relevant steps for complexity handling in a 
sequence. Chapter 6 presents a new general approach for complexity management in variant-rich product 
development, which is developed based on existing literature and applied in the automotive industry to verify 
the new general approach. At the beginning of chapter 6, a literature overview about complexity management, 
its properties, requirements and objectives, as well as the research methodology are described. Furthermore, 
an overview of existing complexity management approaches in different fields is presented. The previous 
approaches are analyzed according to their focus, structure and targets. Further, they are evaluated based on 
several requirements, which are necessary for a general complexity management approach in variant-rich 
product development, to identify strengths, weaknesses and deficits. As a result of the evaluation process, no 
approach fulfilled all requirements and consisted of all stages and categories. To close this gap in scientific 
literature and to combine all strengths in one superior approach, a new general approach for complexity 
management in variant-rich product development is developed and described based on the existing complexity 
management approaches. To verify the results, the new approach is applied on a recent development project 
in the automotive industry, because this industry branch is characterized through an extensive product portfolio 
and complexity. In the end of chapter 6, implications for future research are pointed out. 
Depending on company’s specific context, objective or problem, the general approach from chapter 6 has to be 
modified. In chapter 7, a complexity management approach for resource planning in variant-rich product 
development is developed based on literature. Complexity management and resource planning are important 
issues for company’s success and competitiveness. Chapter 7 starts with introduction and a literature overview 
about the properties, requirements and objectives in the issues complexity management, product development 
and resource planning. Furthermore, an overview of existing complexity management approaches and their 
applicability for resource planning in different fields is presented. The existing approaches are also analyzed 
and evaluated according to their focus, structure and targets. As a result of the analysis and evaluation process, 
only one approach is identified, which fulfills all requirements and consists of all stages. However, the order of 
the different stages was not feasible in practice for resource planning in variant-rich product development. 
Therefore, a new and structurally optimized complexity management approach for resource planning in variant-
rich product development is developed and described based on the general approach from chapter 6, to increase 
the practicability in practice. The new approach is also applied on a recent development project in the 
automotive industry, focused on alternative hybrid powertrains, to verify the results and the practicability in 
practice. Finally, the research gap is closed with implications for future research. 
Chapter 8 summarizes the thesis by answering the overall research questions. Furthermore, the limitations and 
implications for future research are pointed out.  
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2 Fundamentals and literature review 
Regarding the title of this thesis “Complexity management in variant-rich product development”, chapter 2 
presents the basics about the issues complexity management and product development in a summarized form 
and refers to other parts of this thesis (see chapter 3 to 7). Further, the basics for the issue resource planning 
are described in this chapter, because resource planning is also an important issue for variant-rich product 
development and company’s complexity management. Detailed information about these 3 issues and the 
literature sources, which are used for the different literature reviews, are decribed in the chapters 3 to 7. 
2.1 Basics 
2.1.1 Complexity management 
As already mentioned in the introduction, complexity is the paradigm of the 21st century (Hawking, 2000, 
p. 29). Complexity has been discussed in several fields of research, such as “physics, biology, chemistry, 
mathematics, computer science and economics” (Isik, 2010, p. 3682). The origin of the term complexity comes 
from the Latin words “complexus” and “complecti”, which means “extensive, interrelated, confusing, entwined 
or twisted together” (ElMaraghy et al., 2012, p. 794; Pfeifer et al., 1989, p. 889). The Oxford Dictionaries 
(2014) define “complex” as follows: Something is complex if it is “consisting of many different and connected 
parts” and it is “not easy to analyze or understand”. Complexity is directly connected with a system and its 
terminology (Ulrich, 1970, pp. 115-117; Prillmann, 1996, pp. 57-58).  
Based on systems theory, complexity is characterized by the amount and diversity of system’s elements, the 
amount and type of relations and dependencies and the variation of the elements and their dependencies over 
time (Luhmann, 1980, pp. 1064-1065; Kersten, 2011, p. 15). According to Ulrich (1970, pp. 115-117), the 
elements and their relations are significant for system’s complexity. In dynamic systems, the system can adopt 
a high amount of different conditions. Schuh (2005, pp. 34-35) follows Ulrich’s argumentation and characterizes 
complex systems by the variety of their states. Further, a system is always surrounded by an environment and 
can be isolated by the system boundary (Skirde, 2015, p. 10). However, the system and its complexity are 
influenced by the environment (Ulrich, 1970, pp. 105-107, 112).  
In scientific literature, there is no general understanding of the term “complexity”. Many different definitions 
for the term “complexity” are presented, because the meaning is vague and ambiguous. An explicit, universal 
and widely accepted definition does not exist (Brosch and Krause, 2011, p. 2; ElMaraghy et al., 2012, p. 794). 
As a result, the term “complexity” is often used synonymously with the term “complicated” (Gießmann, 2010, 
p. 30), but the terms have specific characteristics and different meanings. Generally, complexity is “in the eye 
of the beholder” (Meijer, 2006, p. 1). Complexity is driven by individual’s sensation and perspective, as well as 
experience and knowledge. What is complex to someone, might not be complex to another (Leeuw, Grotenhuis 
and Goor, 2013, p. 961).  
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There are 2 types of complexity: Good and bad. The good type of complexity is necessary. It helps a company 
to gain market shares and is value adding. On the other hand, bad complexity brings little value, reduces 
revenue and causes excessive costs (ElMaraghy et al., 2012, p. 811; Isik, 2010, p. 3681). Increasing complexity 
is often related to increasing costs (Meyer, 2007, p. 94). Complexity is a phenomenon and evolutionary process, 
which presents a challenge, especially for science and engineering. Complexity is characterized through change, 
choice and selection, as well as perception and progress. Furthermore, complexity is intensified through 
innovations in products and processes (Warnecke, 2010, p. 639). Increasing complexity is one of the biggest 
challenges that manufacturing companies have to face today (ElMaraghy et al., 2012, p. 793).  
Generally, complexity is caused by internal and external factors, called complexity drivers (Meyer, 2007, 
pp. 26-27). Complexity drivers are factors, which influence a system’s complexity and are responsible for 
increasing system’s complexity level (Meyer, 2007, p. 26). They can cause turbulences and new functional 
models in a system (Krizanits, 2015, p. 44). Complexity drivers play a significant role for complexity 
management, because they describe a system’s complexity and help to evaluate and handle it (Vogel and Lasch, 
2015, pp. 98-99). According to Erkayhan (2011, p. 2), complexity drivers are the main adjusting levers for 
improvements of the company’s success.  
In principle, complexity drivers can be separated in internal and external drivers according to their origin 
(Blecker, Kersten and Meyer, 2005, pp. 48-51). Internal complexity drivers describe the company’s complexity 
and can be influenced actively by the company itself (Bliss, 2000, pp. 4-7; Kersten et al., 2006, p. 326). External 
complexity drivers are factors, which influence company’s complexity directly from outside (Wildemann, 1998, 
pp. 47-52; Kersten et al., 2006, p. 326). External complexity drivers are constant and cannot or nearly cannot 
be influenced by the company itself, because they are not induced by the company (Kersten et al., 2006, p. 
326; Gießmann and Lasch, 2011, pp. 4-6). The internal and external complexity drivers are connected directly 
and cannot be separated selectively and operationalized (Größler, Grübner and Milling, 2006, p. 256; Belz and 
Schmitz, 2011, pp. 185-186; Collinson and Jay, 2012, pp. 7-8). Bohne (1998, pp. 58-59) and Klepsch (2004, 
pp. 7-9) describe that external complexity produces internal complexity as a reaction. In addition, the internal 
complexity drivers can be differentiated in correlated and autonomous drivers. Correlated complexity drivers 
have a direct correlation to the external market’s complexity and are influenced by it. Autonomous complexity 
drivers are not influenced by external factors. They are determined by the company itself (Bliss, 1998, 
pp. 147-148).  
Complexity drivers have an influence on companies and the total value chain (Schuh, 2005, pp. 8-19). Further, 
complexity drivers are responsible for complexity costs (Greitemeyer, Meier and Ulrich, 2008, pp. 37-38). 
Keuper (2004, pp. 82-83) describes that handling a company’s complexity depends on the complexity drivers. 
Thus, complexity management in the company requires identification and controlling of the essential 
complexity drivers (Schuh, 2005, p. 8; Budde and Golovatchev, 2011, p. 2) and the effects of high complexity 
(Kersten, Koppenhagen and Meyer, 2004, pp. 211-214) on the categories time, quality, costs and flexibility. 
Identifying, analyzing and understanding complexity drivers as main elements related to complexity are the 
first step to develop and implement a clear strategy to handle complexity (Miragliotta, Perona and Portioli-
Staudacher, 2002, pp. 384-388; Serdarasan, 2011, p. 792). Without an idea of complexity drivers, it would be 
difficult to develop an effective complexity strategy (Serdarasan, 2011, p. 792). Heydari and Dalili (2012,  
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p. 64) argue that a researcher in complexity management needs to know, what the key drivers of complexity 
in a system are. In literature, several approaches for complexity driver’s identification, operationalization and 
visualization exist (see subsection 3.3.3). 
Complexity management is a strategic issue for companies to be competitive (Miragliotta, Perona and Portioli-
Staudacher, 2002, p. 383; Budde and Golovatchev, 2011, p. 2). Managing a system’s complexity requires an 
optimum fit between internal and external complexity and comprises 4 tasks: Designing the necessary variety, 
handling variety-increasing factors, reducing variety and controlling complex systems (Schuh, 2005, pp. 34-35). 
Furthermore, complexity management comprises a target-oriented complexity design (Meyer, 2007, p. 25). 
According to ElMaraghy et al. (2012, p. 809), complexity management is a business methodology with the 
objective of complexity analysis and optimization within a company.  
For managing and optimizing company’s complexity, a vast number of different single approaches are described 
in literature (Gießmann, 2010, pp. 57-70). Single approaches are methods or tools, which are used for 
structuring or dealing with a task, situation or problem (Oxford Living Dictionaries, 2017a; Dictionary, 2017; 
Kieviet, 2014, pp. 2, 44). They are focused on specific objectives and strategies to solve a problem in the 
company and to achieve a long-term or overall aim (Lindemann and Baumberger, 2006, p. 9; Cambridge 
Dictionary, 2017; Oxford Living Dictionaries, 2017b). Approach’s application depends on the particular 
situation and must be planned company-specific (Gießmann, 2010, pp. 57-70). In literature, there is no specific 
instruction, which approaches are the most effective for managing a specific complexity problem.  
Generally, the approaches can be divided in 4 categories according to their focus: Product, product portfolio, 
process and organization (Gießmann, 2010, pp. 57-70). The most important single approaches, focused on 
product, are modular concept, modular system, standardization, using same parts, platform concept, differential 
construction and intergral construction. In the category product portfolio, the approaches packaging, reducing 
product range and reducing of customers are referred in literature. The third category comprises the single ap-
proaches postponement concept, standardization of processes and modularity of processes and are focused on 
process. Further, in the category organization, the approaches delayering and empowerment are pointed out.  
In scientific literature, several objectives and strategies for complexity management and approaches’ application 
exist: Complexity reduction, mastering, avoidance, outsourcing and increasing, as well as the acceptance of 
company’s complexity. The strategies have different focuses and time frames.  
Complexity reduction is focused on a direct and short-term reduction of parts, products and processes 
(Wildemann, 2013, pp. 76-77). Mastering of complexity is characterized by effectively handling unavoidable 
complexity along the value chain and has a medium-term to long-term focus (Wildemann, 2005, p. 36; 
Wildemann, 2013, pp. 76, 78). The strategy with the longest time horizon is the strategy complexity avoidance. 
Its objective is to avoid and prevent the generation of complexity in an early stage (Wildemann, 2013, pp. 76, 
79). A further strategy is the idea of complexity outsourcing. The aim is to displace complexity to an external 
business partner to reduce company’s internal complexity, costs and risks (Rosenberg, 2002, p. 192; 
Schönsleben, 2011, p. 72, Gabath, 2008, p. 67). In contrast to the strategy complexity reduction, the target-
oriented increasing of complexity is also referred to in scientific literature (Meyer, 2007, p. 35; Puhl, 1999, 
p. 23; Kirchhof, 2003, pp. 62-63). However, the complexity strategies outsourcing and increasing have less 
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relevance in literature and practice (Schoeneberg, 2014a, p. 21; Meyer, 2007, p. 35). The same can be seen for 
the strategy complexity acceptance, which is also referred to in literature (Hasenpusch, Moos and Schwellbach, 
2004, p. 137).  
Based on literature, the mentioned single approaches for managing and optimizing company’s complexity are 
applied for 6 different purposes: Complexity reduction, mastering, avoidance, outsourcing and increasing, as 
well as general for complexity management. Generally, the different approaches are focused on more than one 
purpose. The main important strategies for single approaches’ application are complexity reduction, mastering 
and avoidance (Wildemann, 2012, p. 69; Lasch and Gießmann, 2009a, p. 198; Schuh and Schwenk, 2001, 
pp. 32-40; Kaiser, 1995, p. 102).  
In literature, further objectives are described for managing complexity. According to Krause, Franke and 
Gausemeier (2007, pp. 15-16), complexity identification, complexity evaluation and the determination of the 
optimum complexity degree are also important objectives for complexity management and to improve 
transparency. Dehnen (2004, p. 99) argues further that complexity management’s objective is to concentrate 
the available resources in an optimum way regarding company’s strengths and weaknesses and market’s 
opportunities and risks. 
Complexity management requires approaches for complexity’s understanding, simplification, transformation 
and evaluation (Hünerberg and Mann, 2009, p. 3). For company’s success, it is necessary to implement a 
complexity management in company’s management process as an integrated concept (Kersten, 2011, pp. 17-
18). A successful complexity management approach enables a balance between external market’s complexity 
and internal company’s complexity (Rosemann, 1998, p. 61; Kaiser, 1995, p. 17). In literature, several 
requirements for a complexity management approach exist. According to Lasch and Gießmann (2009a, pp. 203-
206), 11 main requirements were defined and clustered to 3 main categories:  
■ Structural:   Recurring cycle, modular structure. 
■ Functional:  Practicability and transparency, identifying the complexity problem, methods for 
   complexity management, application of key figures, approach for capability planning. 
■ Cause related:  Identifying complexity drivers, identifying complexity driver’s interdependencies, 
   evaluation of complexity drivers and evaluation of complexity (degree). 
Previous approaches for complexity management are focused on different targets and fields in a company and 
along the value chain and consist of the following stages: Complexity analysis, complexity evaluation, 
determination of complexity strategies and instruments, complexity planning, implementation of a complexity 
management in the company and/or department, as well as complexity controlling. 
As already mentioned, complexity management is a strategic issue to be competitive. Managing a company’s 
complexity requires an optimum fit between internal and external complexity. These comprise all parts of the 
value chain, especially the field product development. Based on literature, product development has the biggest 
influence on company’s complexity and the increasing costs along the value chain. Thus, it is necessary to 
develop and implement a complexity management approach in this field (see chapter 6). The following 
subsection 2.1.2 presents the basics of the issue product development and its complexity. 
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2.1.2 Product development 
During the last years, manufacturing companies are confronted with technology innovations, dynamic 
environmental conditions, changing customer requirements, market’s globalization and market uncertainty, 
which often lead to an increase of complexity (Miragliotta, Perona and Portioli-Staudacher, 2002, p. 382; 
Perona and Miragliotta, 2004, p. 103; Gerschberger et al., 2012, p. 1016). Further, the manufacturers are forced 
to ensure the environmental compatibility of their products by developing new innovations (Ruppert, 2007, 
p. 80). As a result of this, the companies are forced to bring innovative products in higher quality to the market 
more frequently (Ragatz, Handfield and Petersen, 2002, p. 389). In addition, more and more country and 
technological specific parts and products have to be developed and produced (Klug, 2010, p. 41). According to 
Schaefer (1999, p. 311) and Chapman and Hyland (2004, p. 553), product development and innovation is an 
important key factor for business’ success. Today, modern products are often complex products, because they 
consist of “thousands of parts and take hundreds of manufacturing and assembly steps to be produced” 
(ElMaraghy et al., 2012, p. 793). Further, complex products comprise mechanical and electrical components, 
as well as software, control modules and human-machine interfaces (ElMaraghy et al., 2012, p. 793). For pro-
duct’s success, it is important that the product fulfills all customer’s requirements so that customers are willing 
to buy it (Ponn and Lindemann, 2008, p. 273). Thus, product development is an important source for companies 
to be competitive and to gain a competitive advantage over other business firms (Schaefer, 1999, p. 311). In 
addition, product development becomes a central importance for company’s strategy (Clark and Fujimoto, 
1991, pp. 1-15; Davila, 2000, p. 383; Gupta and Wilemon, 1990, p. 24). According to Ragatz, Handfield and 
Petersen (2002, p. 390), product development is the core process for a new global economy’s success.  
Product development is one of the most complex and nontransparent tasks and uncertain processes in the 
company (Bick and Drexl-Wittbecker, 2008, p. 20; Davila, 2000, p. 386; Specht and Beckmann, 1996, pp. 25-
26). It has the biggest influence on a company’s complexity (Krause, Franke and Gausemeier, 2007, pp. 3-15). 
During the development process, information, material and energy are converted (Schlick, Kausch and Tacken-
berg, 2008, p. 95). Product development’s objective is “to translate an idea into a tangible physical asset” 
(Davila, 2000, p. 385). Krishnan and Ulrich (2001, p. 1) define product development as the “transformation of 
a market opportunity and a set of assumptions about product technology into a product available for sale”.  
Complexity in product development has continuously increased over the last years (Lübke, 2007, pp. 1-4; 
Krause, Franke and Gausemeier, 2007, pp. 3-4; ElMaraghy et al., 2012, pp. 793-797). Product development’s 
complexity comes from a variety of internal and external sources, called complexity drivers (Dehnen, 2004, 
pp. 32-35). For example, the internal sources comprise the products, the processes and the technologies. The 
market with its trends, competitors, customer requirements and restrictions by law belong to the external 
sources (Ophey, 2005, p. 19). Other reasons for increasing complexity in product development are the increasing 
number of product launches in the market, shorter product lifecycles and customer’s demands for new and 
innovative products (Caridi, Pero and Sianesi, 2009, p. 381). Increasing complexity, especially in product 
development, leads to increasing costs in all parts along the value chain (Schulte, 1992, pp. 86-87). For 
manufacturing companies, managing company’s complexity is a strategic issue to be competitive (Miragliotta, 
Perona and Portioli-Staudacher, 2002, p. 383). Thus, product development’s relevance has changed significantly 
over the last years and became a central importance in a company’s strategy (Davila, 2000, p. 383).  
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Product development is mainly characterized by 3 categories: Product, product portfolio and product develop-
ment process (Tomiyama and D’Amelio, 2007, p. 473; Vogel and Lasch, 2015, p. 101). Based on these categories, 
the following 3 complexity drivers are derived: 
■ Product complexity: 
It is characterized by its product design, the number of parts, elements or materials and their inter-
dependencies, as well as the rate at which new products are introduced or existing products are changed 
(Edersheim and Wilson, 1992, pp. 27-33; Kirchhof, 2003, p. 40). Further reasons for increasing product’s 
complexity are the rapid technological development and the fact that products have become “significantly 
multi-disciplinary or even inter-disciplinary” (Tomiyama and D’Amelio, 2007, p. 473). Regarding product 
complexity’s measurement, ElMaraghy and ElMaraghy (2014, p. 5) argue that product complexity can be 
measured based on variety. 
 
■ Process complexity: 
Process complexity is mainly characterized by 3 parameters: The amount of different development tasks 
and their interdependencies (Lenders, 2009, p. 17), the process design and dynamics, as well as the 
multidimensional target expectation (Edersheim and Wilson, 1992, pp. 28-34; Klabunde, 2003, p. 8; 
Kirchhof, 2003, p. 40). Process design comprises the number of direct and indirect process steps, their 
interdependencies, the design of process interfaces, the level of difficulty, as well as the controllability and 
consistency of each step. Process dynamics refer to the rate at which processes or product designs and 
operational parameters, for example tolerances, are changing (Edersheim and Wilson, 1992, pp. 28-34; 
Klabunde, 2003, p. 8; Kirchhof, 2003, p. 40). Furthermore, process complexity describes the multi-
dimensional demand for a structural coordination between different interfaces (Dehnen, 2004, p. 34) and 
can be attributed to the stakeholders’ involvement in the product development process. During the 
development process, more and more stakeholders are involved and their roles are often changing. This 
leads to an increase in process complexity (Tomiyama and D’Amelio, 2007, p. 473). 
 
■ Product portfolio complexity: 
It is determined by the product or variant range, the number of their elements and the dynamics of product 
portfolio’s variability (Kirchhof, 2003, p. 40; Lübke, 2007, p. 173; Schoeller, 2009, p. 50). The product range 
is described by the amount of different product types (e.g. cars, trucks, etc.). Product’s variant range 
comprises the amount of different product variants (e.g. limousine, SUV, etc.) (Renner, 2007, p. 12). 
As already mentioned, complexity drivers are factors or indicators, which influence a system’s complexity. 
Complexity drivers play a significant role for complexity management. They describe the complexity in a 
system and help to evaluate and handle it (Vogel and Lasch, 2016, p. 2). As a result of this, managing and 
controlling product development’s complexity requires a detailed complexity analysis and understanding in the 
already mentioned 3 categories (Dehnen, 2004, p. 9; ElMaraghy et al., 2012, p. 798). Beyond these categories, 
Ponn and Lindemann (2008, p. 7) argue that the applied methods and instruments in product development 
are also important aspects. ElMaraghy et al. (2012, p. 798) describe further that the development of 
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methodologies and metrics for sustainable competitiveness is also important for managing product 
development’s complexity. 
A further important factor for company’s success is the time for product development (Murmann, 1994, 
p. 237). In the last years, the development time of industrial products has been reduced strongly. Reasons are 
customer’s behavior change, hardly predictable market fluctuations and increasing globalization. As a con-
sequence of this, product development processes have to be adjusted often and quickly to the changed boundary 
conditions (Krause, Franke and Gausemeier, 2007, p. 89). Product development process is often the longest 
part of bringing a product to market (Govil and Proth, 2002, p. 103) and is characterized by uncertainty, 
which results from the ambiguity about target’s achievement (Lenders, 2009, p. 17). That includes uncertainties 
in time (e.g. target achievement at the planned date), resources (e.g. required financial or personnel resources), 
market (e.g. information about market’s or customer’s requirements), technology (e.g. knowledge about 
technology) and organization (e.g. project team or company’s higher management) (Lenders, 2009, p. 17; 
Thiebes and Plankert, 2014, pp. 167-168; Dehnen, 2004, pp. 37-38; Herstatt, Buse and Napp, 2007, p. 11). 
During the product development process, 80% of product’s and development’s costs (Bayer, 2010, p. 89) and 
the corresponding processes for production and procurement are determined (Dehnen, 2004, p. 26; Lübke, 2007, 
pp. 70-71; Bick and Drexl-Wittbecker, 2008, pp. 70-71). Product development’s costs are influenced by the 
variety of the different development tasks and all expenditures regarding the development project, for example 
the required resources and working materials (Zich, 1996, p. 10; Dellanoi, 2006, p. 56). The costs gain more 
and more importance, because the increase of variants in the product portfolio results in a reduction of the 
sold amount per developed product variant (Dellanoi, 2006, p. 56). Therefore, an exact definition of market’s 
and customer’s demands regarding the product is essential (Kairies, 2006, p. 104).  
In principle, the product development process is structured in different phases. Each phase is based on the 
results of the previous development phase (Bick and Drexl-Wittbecker, 2008, p. 69). According to Dehnen 
(2004, pp. 23-26) and Davila (2000, p. 385), the product development process can be structured in the following 
5 phases:  
■ Planning phase 
Product development starts with the planning phase and the product idea. The objective of the first phase 
is to concretize the requirements and the development project. The product characteristics, the target 
markets and the product portfolio are defined based on customer requirements, economic market changes, 
technological trends and the competitors. Furthermore, the availability of the required resources is checked. 
At the end of the planning phase, the qualitative targets (e.g. product’s characteristics, milestones, etc.) 
are transferred to the product specification book. 
  
■ Concept phase 
In the second phase, the requirements of the product specification book are concretized more in detail. 
Furthermore, product’s concept is specified based on the product architecture. During the concept phase, 
different product architectures are defined based on the product specification book. At the end of the 
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concept phase, the specific targets (e.g. costs, time and quality) are transferred to the functional 
specification book. 
 
■ Product and process realization phase 
The objective is to realize the presettings of the functional specification book. During the third phase, the 
physical products, including the particular parts, components and modules, are developed and the 
corresponding processes for production and procurement are determined based on the functional 
specification book. 
 
■ Testing  
In the fourth phase, the developed parts, components and modules, as well as the corresponding processes 
are tested and compared with the functional specification book. The objective is to confirm that the product 
fulfills all requirements and is prepared for its release. If the presettings are not fulfilled, the product and 
process realization phase is passed through again and product’s concept or specifications are reevaluated.  
 
■ Production start-up 
During the last phase, test and pilot series are used to check the adherence of time, quality and cost targets 
before starting the serial production. Potential failures and disturbances have to be identified and 
eliminated. At the end of this phase, the product release and the start of production (SoP) occur. 
At the beginning of the product development process, project’s targets and costs, as well as the amount of 
required resources are defined. Furthermore, the availability of the required resources is checked. The amount 
of required resources is directly connected with the amount of product variants and processes. For a 
development project’s success, it is fundamental to use the available resources efficiently, because resource’s 
amount is limited. Thus, resource planning during the development process is needed. The following subsection 
2.1.3 is concerned with the issue resource planning and describes its importance and necessity for the company.  
2.1.3 Resource planning 
At the present time, companies in high-technology marketplaces are confronted with technology innovations, 
dynamic market environment, market’s globalization, increasing number of demanding customers and 
uncertainty (Voigt et al., 2011, p. 1; Miragliotta, Perona and Portioli-Staudacher, 2002, p. 382; Perona and 
Miragliotta, 2004, p. 103). As already mentioned, for company’s success, it is fundamental to bring new 
products quickly and with customer’s individual settings to the market. In consequence, the companies cope 
with these trends by developing new product variants, which lead to an increased complexity in the company 
(Brosch and Krause, 2011, p. 1) and especially in product development (Kim and Wilemon, 2012, p. 1). For 
developing new product variants, resources are required (Wleklinski, 2001, p. 27, Bohne, 1998, pp. 9-10; Zich, 
1996, p. 11). 
In product development and other parts along the value chain, the amount of required resources is associated 
with the variety of products and processes (Bohne, 1998, pp. 9-10; Franke and Firchau, 2001, p. 9) and product 
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development’s complexity (Bohne, 1998, pp. 9-10). Product’s and process’ variety are complexity drivers, which 
have to be managed. According to Collinson and Jay (2012, p. 33), complexity wastes resources, because things 
are done, which are not value adding. Thus, resources and their planning become a central role for product 
development and company’s success (Vogel, 2017, pp. 84, 92). 
Resource planning comprises the quantitative planning of human, material and financial resources over time 
within a project. The employees within a development project use resources for their development work. For 
resource planning, the planning phase within the development process becomes a central importance, because 
the product portfolio is specified there and the availability of the required resources is checked. The success of 
a development project is closely connected to the amount of available resources. In successful development 
projects, the required resources are available in a higher proportion than in less successful projects. However, 
the qualitative and quantitative amount of the resources is restricted. Thus, resources play a significant role 
for product development’s effort and have to be applied efficiently. In the case of resource’s shortage, company’s 
departments have to use the available resources together. Thereby, it is necessary to find an optimum way for 
resources’ division. 
As already mentioned, resources are required for developing new product variants (Wleklinski, 2001, p. 27, 
Bohne, 1998, pp. 9-10; Zich, 1996, p. 11). In literature, the term “resource” is described as what is available in 
the company and directly or indirectly accessible (Müller-Stewens and Lechner, 2003, p. 357). Resources can 
be differentiaded in ‘material/tangible resources’ (physical available resources, e.g. equipment, facilities, 
machineries or capital assets), ‘immaterial/intangible resources’ (not physically available resources, e.g. know-
how, intelligence, brands, image or patents) and ‘human resources’ (Stirzel, 2010, p. 119; Bullinger, Fähnrich 
and Meiren, 2003, p. 278; Dehnen, 2004, pp. 84-85). Furthermore, the resources can be classified according to 
their origin in ‘internal resources’ and ‘external resources’ (Stirzel, 2010, p. 119) and according to their property 
in ‘consumable resources’ (e.g. energy, raw materials or tools) and ‘producible resources’ (e.g. products or final 
goods) (Schönsleben, 2011, p. 414).  
As already mentioned, complexity management and resource planning are fundamental for company’s success. 
In today’s highly competitive environment, the companies are forced to develop and bring new and innovative 
products quickly and with customer’s individual settings to the market. During the development process, the 
product portfolio and 80% of product’s costs are defined. Furthermore, the structure and characteristics of the 
different products, the development time, the amount of required resources, as well as the corresponding 
processes for production and procurement are determined. The amount of required resources and the 
development costs are connected directly to the development time, as well as product’s and process’ variety 
and complexity. Generally, increasing complexity leads to increasing costs in all parts along the value chain. 
Thus, it is necessary to implement a complexity management approach in combination with an efficient and 
target-oriented resource planning in the company and especially in variant-rich product development to be 
competitive. 
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2.2 Gaps in scientific literature 
In this work, the literature search resulted in a certain amount of literature sources, but only a few are relevant. 
As a result of literature’s analysis, several research gaps were identified. The purpose of this dissertation is to 
close the research gaps with implications for further research. The results of the literature research regarding 
the different issues and their research gaps are presented as follows: 
■ Complexity drivers in manufacturing companies and along the value chain:    
Search result: 11,425 identified literature sources  235 relevant sources 
The identified literature sources were analyzed and synthesized to identify existing literature reviews and 
studies. Previous literature studies about complexity drivers have been done by 4 authors. They cover 
complexity drivers only in specific fields, such as logistics, supply chains and general in manufacturing 
companies and comprise a restricted time period of 20 years (1991-2011). However, the research methodo-
logy, including research questions, databases, search terms and synthesizing methods, are not described by 
the authors. Furthermore, a comparison between their findings and the findings of other literature sources 
was not provided by all authors. These issues are essential to determine the current state of knowledge 
about a particular research topic in a literature review. So, they do not fulfill the requirements of a literature 
review in general. Besides the methodical gaps, a more general overview about complexity drivers in 
manufacturing companies and along the total value chain without a time-restriction does not exist yet. In 
addition, no comparison and discussion about existing definitions, an overall definition and classification 
system for complexity drivers, as well as an overview about specific approaches for complexity driver’s 
identification, operationalization and visualization are presented in the previous literature studies. This 
gap will be closed by presenting a systematic, explicit and reproducible literature review (see chapter 3). 
 
■ Single approaches for managing complexity and their targeted strategies:  
Search result: 130,722 identified literature sources  288 relevant sources 
The researched literature was analyzed and synthesized regarding specific single approaches for managing 
complexity and their targeted strategy. The synthesizing process resulted in 288 relevant literature sources 
in the time period between 1962 and 2015. In scientific literature, a vast number of different single 
approaches for managing complexity in the company and along the value chain is described. Further, the 
single approaches are focused on specific strategies or objectives. However, a general overview about the  
different single approaches and their focus and targeted strategies, including a comparison between the 
different results and literature sources, does not exist yet. This gap will also be closed by presenting a 
detailed literature review (see subsection 5.2.2). 
 
■ Previous empirical studies in the field complexity management:    
Search result:  26,699 identified literature sources  72 relevant empirical studies 
Before starting a new empirical research, it is important to review existing empirical studies in the same 
or a similar scientific area to get an overview about their objectives, research methodologies and findings 
(Madu, 1998, pp. 354-355). The objective of the third literature research was to identify first all existing 
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empirical researches concerning complexity management in manufacturing companies and especially in 
product development. A further objective was to identify all previous studies, which contain the issues 
‘complexity drivers and their effects on company’s complexity’ and ‘application of specific single approaches 
for complexity management and their targeted strategy’ during the last years. As a result of literature’s 
analysis, 72 empirical studies regarding complexity management in various industry branches and 
regions/countries already exist (see subsection 4.2.3 and Table 15). The previous studies are focused on 
different fields in the company and along the value chain and were conducted in the time period between 
1999 and 2015. The studies were analyzed and synthesized regarding their content, research objectives, 
focus, field of industry, region/country, research period and applied data collection methodology. Most of 
the empirical studies are focused on the fields general in manufacturing companies (N: 32) and internal 
supply chain (N: 16). Regarding the field product development, only 6 empirical studies were performed 
with different objectives between the time period 2005 and 2013. Furthermore, 13 different studies are 
focused on complexity drivers. However, an empirical study in the field product development in 
manufacturing companies in Germany and with focus on complexity drivers, including the identification 
and analysis of complexity drivers and their effects on company’s complexity, as well as a comparison 
between literature and practice, does not exist yet. Regarding the practical application of specific single 
approaches for managing complexity and their targeted startegy, literature’s analysis showed that an 
empirical research focused on this issue is missing so far. These gaps will be closed by presenting a 
systematic, explicit and reproducible empirical research (see chapters 4 and 5). 
 
■ Approach(es) for complexity management, including resource planning:    
Search result: 13,085 identified literature sources  48 relevant sources 
In the first step before developing a new complexity management approach, existing literature must be 
identified, analyzed and evaluated. Furthermore, an overview about the existing complexity management 
approaches, including their focus, structure, target and applicability for resource planning, has to be 
described. In the second step, the new approach is developed based on literature’s findings. The literature 
search resulted in 47 relevant approaches in the time period between 1992 and 2014. More than 50% of the 
existing approaches are focused on general in manufacturing companies. Only 3 approaches are focused on 
product development. The identified approaches were analyzed and described according to their structure 
and targets. Further, they were evaluated based on several requirements, which are necessary for a general 
complexity management approach and a complexity management approach for resource planning, to 
identify strengths, weaknesses and deficits. As a result of the analyzing and evaluation process, a general 
approach for variant-rich product development, which consists of all stages and categories and fulfills all 
requirements, does not exist yet and has to be developed. Regarding the issue resource planning, the 
previous exsting approaches are analyzed and evaluated based on their applicability for resource planning. 
This includes the complexity management’s objectives, product development’s characteristics and 
objectives, as well as the principle for resource planning and the applicability in product development. The 
analysis and evaluation process showed that the new general approach for complexiy management, which 
was developed based on the aforementioned research gap, fulfills all requirements. However, the order of 
the different stages was not feasible in practice. Therefore, a new and structurally optimized complexity 
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management approach for resource planning, especially in variant-rich product development, is needed to 
increase particability in practice. Within this thesis, the research gaps are closed by developing a general 
complexity management approach for variant-rich product development and a complexity management 
approach, especially for resource planning (see chapters 6 and 7). 
In the following chapters 3 to 7, the aforementioned research gaps are closed by using an extended literature 
research on the different issues as well as an empirical study regarding product development’s complexity in 
the German manufacturing industry. The results from literature are compared with the empirical findings to 
identify commonalities and differences. In the last chapter 8, the results are summarized (section 8.1) and gaps 
for future research are pointed out (section 8.2). 
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3  Complexity drivers in manufacturing 
companies: A literature review 
3.1 Introduction 
Technology innovations, dynamic environmental conditions, changing customer requirements, market’s 
globalization and market uncertainty are trends that manufacturing companies cannot escape and that often 
lead to an increase of complexity (Miragliotta, Perona and Portioli-Staudacher, 2002, p. 382; Perona and 
Miragliotta, 2004, p. 103; Gerschberger et al., 2012, p. 1016). Within the last decades, complexity has increased 
continuously in many industries (Schuh, Arnoscht and Rudolf, 2010, p. 1928). This is one of the biggest 
challenges that manufacturing companies have to face today (ElMaraghy et al., 2012, p. 793). The reasons are 
internal and external sources of complexity, so called complexity drivers. 
The origin of the term complexity comes from the Latin word “complexus”, which means “extensive, 
interrelated, confusing, entwined or twisted together” (Pfeifer et al., 1989, p. 889; ElMaraghy et al., 2012, 
p. 794). This is similar to the Oxford Dictionaries (2014) definition of “complex”: Something is complex if it is 
“consisting of many different and connected parts” and it is “not easy to analyze or understand”. Complexity is 
directly connected with a system and its terminology (Ulrich, 1970, pp. 115-117; Hoffmann, 2000, p. 37; 
Prillmann, 1996, pp. 57-58). In literature, complexity is defined as a part of system’s property (Lammers, 2012, 
pp. 16-19). Gell-Mann (1994, p. 68) and Luhmann (1980, p. 1064) argue that the definition of complexity 
always needs a description of system’s level of detail. The approaches of the system theory provide an 
opportunity to divide a system in several subsystems and support the determination of system’s level of detail 
(Skirde, 2015, pp. 10-17). The system theory can be attributed to the natural science, whereby control und 
adjustment operations are considered in a system’s context (Bertalanffy, 1950). For the term system, several 
definitions exist in literature. Göpfert (2009, p. 14) defines a system as a unit, consisting of several parts.  
Ulrich (1970, p. 105) and Patzak (1982, p. 19) extend this definition and describe a system as an entity of 
elements, which are related to each other or where a concrete relation can be made through the elements. 
Ulrich (1970, pp. 115-117) argues that the elements and their relations are significant for system’s complexity 
and in dynamic systems, the system can suppose a high amount of different conditions. Thus, complexity would 
be described by an amount of variables or elements (Grübner, 2007, pp. 77-78). 
In principle, a system is ever surrounded by an environment and can be isolated by the system boundary 
(Skirde, 2015, p. 10). However, the system and its complexity are influenced by the environment (Ulrich, 1970, 
pp. 105-107, 112).  
Complexity and systems are consisting of the interaction between elements and relations (Bertalanffy, 1950, 
p. 143; Luhmann, 1980, p. 1064). Thereby, the elements are representing the tangible parts of a system, whereas 
the connection between the elements is described by relations (Skirde, 2015, p. 12). Consequently, a system’s 
complexity depends on the amount of existing parts or components, the connections between them and the 
diversity of these relations and elements (Luhmann, 1980, pp. 1064-1065; ElMaraghy et al., 2012, pp. 794-795). 
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In this context, Patzak (1982, pp. 21-23) and Meyer (2007, p. 26) describe elements’ diversity as variety and 
relations’ diversity as connectivity. Bronner (1992, p. 1122) extends this definition by consideration of system’s 
dynamic and comprises the variation of system’s behavior over time. 
Complexity has been discussed in several fields of research, such as physics, biology, chemistry, mathematics, 
computer science, economics, engineering and management, as well as philosophy (Isik, 2010, p. 3682; 
Bozarth et al., 2009, p. 79). Thus, in scientific literature, there are many different definitions for the term 
“complexity”, because the meaning is vague and ambiguous. There is no explicit, universal and widely accepted 
definition (Riedl, 2000, pp. 3-7; Brosch and Krause, 2011, p. 2; ElMaraghy et al., 2012, p. 794). As a result, 
the term “complexity” is often used synonymously with the term “complicated” (Gießmann, 2010, p. 30). 
Meijer (2006, p. 1) argues that “complexity is in the eye of the beholder”. Complexity is driven by the sensation 
or perspective of an individual. What is complex to someone, might not be complex to another (Leeuw, 
Grotenhuis and Goor, 2013, p. 961; Grübner, 2007, p. 41).  
There are 2 types of complexity: Good and bad. The good type of complexity is necessary. It helps a company 
to gain market shares and is value adding. On the other side, bad complexity brings little value, reduces 
revenue and causes excessive costs (ElMaraghy et al., 2012, p. 811; Isik, 2010, p. 3681). Colwell (2005, pp. 10-
12) defines 32 types of complexity in 12 different areas and disciplines, such as structural, functional, technical, 
computational and operational complexity. Götzfried (2013, pp. 14-16) describes 17 definitions of complexity 
in 4 different research fields, such as systems theory, organizational theory, product design and operations 
management. In literature, increasing complexity is often related to increasing costs (Meyer, 2007, p. 1). 
Managing a system’s complexity requires an optimum fit between internal and external complexity (Schuh, 
2005, pp. 34-35; Vogel and Lasch, 2015, p. 100). The complexity management comprises the application of the 
mentioned complexity consideration with the aim of a target-oriented complexity design (Meyer, 2007, p. 25). 
Schuh (2005, pp. 34-35) argues further that complexity management comprises 4 tasks: Designing the necessary 
variety, handling variety-increasing factors, reducing variety and controlling complex systems (Vogel and 
Lasch, 2015, p. 100). 
Generally, complexity is caused by internal and external factors (Meyer, 2007, pp. 26-29). Meyer (2007, p. 26) 
defines these factors as complexity drivers. According to the Business Dictionary (2014), a driver causes a 
condition or decision or has an effect on elements or a system. Complexity drivers lead to an increased level of 
complexity in comparison to an initial situation (Meyer, 2007, p. 26). Furthermore, complexity drivers can 
cause turbulences and new functional models in a system (Krizanits, 2015, p. 44).  
For complexity’s operationalization, Schuh (2005, p. 8) argues that it can only be realized by several complexity 
factors, which interact with each other.  
Identifying, analyzing and understanding complexity drivers as main elements related to complexity are the 
first steps to develop and implement a clear strategy to handle complexity (Miragliotta, Perona and Portioli-
Staudacher, 2002, pp. 384-388; Serdarasan, 2011, p. 792). Without an idea of complexity drivers, it would be 
difficult to develop an effective complexity strategy (Serdarasan, 2011, p. 792). Heydari and Dalili (2012, 
p. 64) argue that a research in complexity management needs to know, what the key drivers of complexity in 
a system are. The management of complexity is a strategic issue for companies to be competitive (Miragliotta, 
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Perona and Portioli-Staudacher, 2002, p. 383; Schuh, 2005, p. 13; Budde and Golovatchev, 2011, p. 2). In the 
study “Managing Complexity in Automotive Engineering”, Erkayhan (2011, p. 2) concludes that the complexity 
drivers are the main adjusting levers for improvements of the company’s success. Thus, complexity drivers play 
a significant role for complexity management, because they describe a system’s complexity and help to evaluate 
and handle it. 
Previous literature studies about complexity drivers have been done by Meyer (2007, pp. 182-183), Serdarasan 
(2011, pp. 793-795; 2013, pp. 534-535) and Wildemann and Voigt (2011, pp. 44-52, 63-72) and comprise a time 
period of 20 years (1991-2011). They cover complexity drivers on specific issues, such as logistics, supply chains 
and general in manufacturing companies. In total, 99 literature sources, such as articles, books and PhD theses 
in the research period between 1991 and 2011, form their research. Furthermore, 281 complexity drivers are 
identified in total. Although, these literature studies cover a lot of literature sources and complexity drivers in 
the referred fields, a systematic, explicit and reproducible method for identification, evaluation and synthesizing 
the existing literature about complexity drivers is not described (Fink, 2014, p. 3). For example, the authors 
in the previous literature studies have not described specific research questions, databases, search terms and 
synthesizing methods. In addition, not all authors provide a comparison between their findings and the findings 
of other literature sources. However, these are essential to determine the current state of knowledge about a 
particular research issue in a literature review. So, they do not fulfill the requirements of a literature review in 
general. 
This chapter’s purpose is a literature review of complexity drivers in manufacturing companies and along the 
value chain, including the fields product development, procurement/purchasing, logistics, production, order 
processing/distribution/sale, internal supply chain and remanufacturing, which fulfills the mentioned 
requirements.  
The contribution of this review is to develop additional knowledge for science and practice by describing, what 
is currently known on the issue of complexity drivers. From scientific perspective, this literature review presents 
a current state of the art about complexity drivers and gives the researcher a first insight and general 
understanding about complexity drivers before starting a research project in this field. It closes a currently 
existing gap in scientific literature. The literature review can be used for a dissertation or research proposal to 
give an overview about the issue of complexity drivers and is helpful for researchers, who have no prior 
knowledge in this field. Further, it helps the researcher to avoid time-wasting and research effort by “reinventing 
the wheel”. Within this research, the gaps for future research are pointed out. Based on this review, researchers 
can build new ideas and theories for their own research. The research methodology, including research 
questions, databases and synthesizing methods are described in detail to increase transparency. This enables 
the researcher to reproduce the findings. The literature review provides a comprehensive survey of significant 
literature (e.g. academic journal articles, books, essays, PhD theses, conference proceedings, etc.) and their 
results based on analyzing, synthesizing and summarizing the existing literature. Furthermore, the different 
literature sources and the trends of complexity drivers in literature and in the different fields (general in 
manufacturing companies and/or along the value chain) over the last 25 years are described. The trends show 
the researcher how essential the topic complexity drivers is in literature and that it is thus interesting for future 
research. However, interesting topics for academic people do not have to be important for practice. To avoid 
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this trade off, we also include the practical perspective in our point of view. In addition, different definitions 
of complexity drivers are analyzed and described. A new overall definition of complexity drivers is presented. 
Furthermore, the existing approaches for complexity driver’s identification, operationalization and visualization 
are identified and specified according to their focus. The identified complexity drivers are clustered in 
aggregated complexity driver’s main categories according to their characteristics to provide a general 
classification system without overlaps. From practical perspective, this literature review gives the practitioner 
a first insight and understanding about the phenomena of complexity drivers and their importance. In several 
empirical studies, for example from Wildemann and Voigt (2011, pp. 113-170), Gießmann (2010, 
pp. 87-117) and Gießmann and Lasch (2010, pp. 152-156), the issue complexity in companies and its drivers 
were analyzed. The result was that companies are aware of complexity and some of its causes, but they often 
do not know, how to handle it, because of a lack of specific methods or tools for complexity driver’s 
identification, operationalization or visualization. This study answers the following manager’s questions “What 
are complexity drivers?”, “Why they are so important for me?” and “How can I identify, operationalize and 
visualize complexity drivers?” by providing an overall definition about complexity drivers and an overview 
about the existing approaches for complexity driver’s identification, operationalization and visualization. 
Beyond, the practitioners get an overall selection of different approaches and their focuses and can choose the 
right one for solving their task or problem. Furthermore, a list of theoretical existing complexity drivers, which 
were found in literature, are described, so the management has a general overview about complexity drivers 
and can compare these findings with their own complexity drivers to identify commonalities and differences, 
as well as get a first indication. This review collects existing approaches for complexity driver’s identification, 
operationalization and visualization based on literature. Therefore, it can be used as a basis to gain first 
implications about complexity drivers, their identification, operationalization and visualization. Further 
research will be needed to create helpful advice for practitioners to detect complexity issues, as well as to 
present methodological support to detect causes of complexity and their effects. 
This literature review is structured as follows: In section 3.2, an overview about the research method is given. 
Some definitions of literature reviews are disclosed and a framework for constructing a literature review is 
specified. Section 3.3 presents the literature review about complexity drivers with an overview about different 
definitions and approaches for identification, operationalization and visualization. The most discussed 
complexity drivers in manufacturing companies and along the value chain are described. Section 3.4 concludes 
this research and closes the research gap with implication for future research. 
3.2 Research method 
3.2.1 Research methodology and boundary definition 
The aim of this study is a systematic, explicit and reproducible literature review about complexity drivers in 
manufacturing companies and along the value chain, which provides definitions of complexity drivers and 
existing approaches for complexity driver’s identification, operationalization and visualization. The existing 
literature was identified, evaluated and synthesized by using qualitative data analysis techniques to point out 
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the existing literature sources and their focuses, as well as the trends and issues. The literature results are 
compared with each other. To provide a comprehensive literature review, we used the methodology of Fink 
(2014, pp. 3-5) and structured this chapter accordingly. Literature reviews have been used for many years in 
scientific research and scholar findings.  They are a long-standing tradition, but the definitions are tight (Bruce, 
1994, pp. 217-218). Fink (2014, p. 3) defines a literature review as a “systematic, explicit, and reproducible 
method for identifying, evaluating, and synthesizing the existing body of completed and recorded work 
produced by researchers, scholars, and practitioners”. Brewerton and Millward (2001, pp. 36-40) describe a 
literature review as a content analysis that uses qualitative and quantitative techniques to find structural and 
content criteria. According to Meredith (1993, cited in Jain and Singh, 2014, p. 788), a literature review is a 
“summary of the existing literature by finding research focus, trends, and issues”. Within this research, we 
follow the definitions of Fink (2014, p. 3), Brewerton and Millward (2001, pp. 36-40) and Meredith (1993). 
Fink (2014, pp. 3-4) divides a literature review into 7 tasks. The first step is selecting the research questions. 
Research questions are precisely stated questions, which guide the literature review. The next step is to select 
the required sources, such as bibliographic or article databases, Web sites and other sources to determine 
relevant literature. Before starting the literature review, the researcher has to define the search terms. To 
review the databases and search terms, the researcher should ask experts or other researchers. The next steps 
are applying practical and methodological screening criteria to identify and select the relevant literature from 
the entity of found literature. To reject irrelevant articles, the researcher has to screen the literature by setting 
practical and methodological criteria. 
According to Fink (2014, pp. 3-4), the first step is to define the research questions. The benefit of research 
questions is that they already contain the words the reviewer needs to search for online to find relevant 
literature. These words or search terms are called key words, descriptors or identifiers (Fink, 2014, p. 20). 
For this literature review, we determined the following research questions including the relevant key word 
‘complexity driver’: 
■ RQ 1: What are the different definitions of complexity drivers that currently exist in manufacturing 
  companies and along the value chain? 
■ RQ 2: What methods are applied in literature for complexity driver’s identification, operationalization, 
  and visualization? 
■ RQ 3: What complexity drivers occur in manufacturing companies and along the value chain? 
Before conducting a literature research, it is necessary to define the right search terms and databases. The 
search terms are based on the words that frame the research questions. In literature, several paraphrases for 
complexity driver exist. These paraphrases are usually a combination of the terms “factor”, “indicator”, “source”, 
“parameter”, “variable”, “symptom”, “phenomenon”, “dimension”, “force” and “property” and the term “com-
plexity driver” (see subsection 3.3.2). When comparing the meaning of these different word combinations, it 
can be seen that the lowest common denominator is complexity driver (see Figure 3). Thus, we limited our 
literature research to the search term complexity driver. 
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Figure 3: Paraphrases of the term complexity driver and their intersections 
A researcher must use a “particular grammar and logic” to conduct a search that will acquire the appropriate 
publications (Fink, 2014, p. 3). One possibility is to combine the key words and other terms with Boolean 
operators, such as AND, OR and NOT. Further the operator NEAR can be used to identify literature, where 
the keywords have a close connection to each other. The application of Boolean operators depends on the 
specific database. To extend the amount of relevant literature, it is also necessary to search in different 
languages. In our research, we search in English- and German-language literature. This has 2 reasons: First, 
English is the global language and applied in the scientific world to provide research findings worldwide. 
Second, during our literature research we started with English-language sources and found some literature 
sources with references to German-language sources. This was another reason to extend the research to German-
language literature. 
According to Saunders, Lewis and Thornhill (2009, pp. 75-78), the finalized search terms are identified through 
an iterative cycle starting with 1 key word and adding more in the process of research in order to summarize 
all necessary and possible literature sources and results. Furthermore, the search terms are defined in English 
and German and then formulated more general to extend the results and to prevent the elimination of impor-
tant articles. We started our research by using the key words “Komplexitätstreiber” and “complexity driver” 
and formulated the search term ‘Komplexitätstreiber OR complexity driver‘. After reviewing the found litera-
ture, we found out that a lot of sources also used the term “Treiber der Komplexität” or “driver of complexity”, 
so we added these terms to our first search term and received the new term ‘Komplexitätstreiber OR Treiber 
der Komplexität OR complexity driver OR driver of complexity’. During the following search process, it became 
clear that sometimes these keywords are separated by other words so we implemented the NEAR operator to 
cover all existing and relevant literature. The finalized search terms are described in Table 1. 
After defining the right search terms, a researcher must examine all sources systematically by using online 
bibliographic or article databases. Databases are often specialized in a specific research area. The research was 
performed in English and German by using the following 8 English and German databases: EBSCOhost, 
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The used databases were also defined through an iterative cycle. In our research, we started by using the 
databases EBSCOhost, JSTOR, GENIOS/WISO and Google Scholar. EBSCOhost and JSTOR are one of the 
biggest databases for academic research and connected with numerous other databases. During our research 
process on Google Scholar, some literature sources were found on other specific databases, such as Emerald, 
IEEE Xplore, ScienceDirect and SpringerLink. Thus, these databases were also included in the research process.  
Table 1 shows the general framework of our literature collection including the research focus, applied databases 
and search terms. Furthermore, the framework contains the results and search dates at an aggregate level to 
provide first insights. In our research, the time period was restricted between 1900/01/01 – 2015/12/31. The 
different frameworks with all precise search terms, results and searching dates are shown in the appendix 
(Table 45). 
Table 1: General framework of literature collection 
Focus Database Search terms Date Results 
 ■  General in  
 manufacturing  
 companies 
EBSCOhost 
('Komplexitätstreiber' OR (Treiber N3 Komplexität)) AND … April & 
May ‘16 
401 
('complexity driver*' OR (driver* N3 complexity)) AND … 
 ■  Product  
  Development  
  
Emerald 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND … April & 
May ‘16 
44 
("complexity driver" OR "driver of complexity") AND … 
 ■ Procurement/  
 Purchasing GENIOS/ 
WISO 
("Komplexitätstreiber" OR (Treiber ndj3 Komplexität)) AND … April & 
May ‘16 
1,001 
("complexity driver*" OR (driver* ndj3 complexity)) AND … 
 ■ Logistics 
Google Scholar 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND … 
May ‘16 3,234 
("complexity driver*" OR "driver* of complexity") AND … 
 ■ Production 
IEEE Xplore 
("Komplexitätstreiber" OR (Treiber NEAR/3 Komplexität)) AND … 
May ‘16 2,203 
(complexity NEAR/3 driver) AND … 
 ■ Order Processing/ 
 Distribution/Sale JSTOR 
("Komplexitätstreiber" OR ("Treiber Komplexität"~5)) AND … May &  
June ‘16 
146 
("complexity driver" OR ("driver complexity"~5)) AND … 
 ■ Supply Chain 
ScienceDirect 
("Komplexitätstreiber*" OR (Treiber W/3 Komplexität)) AND … May &  
June ‘16 
1,726 
(complexity W/3 driver*) AND … 
 ■ Remanufacturing 
SpringerLink 
(Komplexitätstreiber OR (Treiber NEAR/3 Komplexität)) AND … May &  
June ‘16 
2,670 
(Complexity NEAR/3 driver*) AND … 
                               Total:  11,425 
3.2.2 Research segmentation and overview 
The search resulted in 11,425 literature sources including research papers from journals, conference proceedings, 
working papers, books, essays and PhD theses. However, several literature sources are found repeatedly. 
According to Fink (2014, p. 5), literature research and analysis always accumulate many publications, but only 
a few are relevant. Consequently, it is necessary to screen and synthesize the results. 
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In this research, the searched literature was synthesized based on the qualitative content analysis and the 
aforementioned research questions. The content analysis is used to analyze literature and to identify the 
occurrences of specified information systematically. Within the qualitative content analysis, the information is 
extracted, formatted and evaluated to answer the research questions. The most important aspect is the 
extraction of the information to gain the required information. Extraction means to read the text, to separate 
the text in different parts and to decide, which of the given text parts contain information that is relevant for 
the researcher. The relevant information is then assigned to previously defined categories (Gläser and Laudel, 
2010, pp. 197-198). In the qualitative content analysis, this assignment is called coding and is induced by a 
coding unit. The coding unit is a text passage, which is connected to a certain category or content. The 
assignment to the defined categories is performed by the researcher, called coder (Kuckartz, 2012, pp. 47-48). 
However, the researcher and his/her understanding and interpretation influences the extraction and text 
interpretation (Gläser and Laudel, 2010, p. 201; Kuckartz, 2012, pp. 48-49). When the coding process is done 
by more than one researcher, a common understanding and interpretation is required (Kuckartz, 2012, 
pp. 48-49). The defined categories are connected with the research questions and are not fixed. During the 
extraction process, they can be altered and new categories can also be added. As a result of the extraction, a 
vast amount of data is collected, which can be used for information formatting and evaluation to answer the 
research questions. For information evaluation, the researcher compares the different literature sources to 
identify commonalities and differences (Gläser and Laudel, 2010, pp. 201-206, 212-246).  
For analyzing and synthesizing the literature in our research, we followed the approach of the qualitative 
content analysis and defined in the first step 12 categories based on our 3 research questions. The categories 
were implemented in a synthesis matrix (see Table 2). The synthesis matrix helps the researcher to organize 
the identified literature sources and their different contents on an issue. 
Table 2: Synthesis matrix for literatures’ synthesizing 
Categories 
(combined with RQ) 
Identified literature sources with Author’s name(s) 
Source #1 Source #2 Source #3 … Source #n 





… identification      
… operationalization      






General in manufacturing companies      
Value 
Chain 
Product Development      
Procurement/Purchasing      
Logistics      
Production      
Order Processing/Distribution/Sale      
Supply Chain      
Remanufacturing      
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In the next step, we started the extraction process by screening the title and abstracts of the identified papers, 
books, etc. and eliminated sources without focus in manufacturing companies or the value chain. For example, 
papers focused on financial, insurance or biological issues were eliminated. Furthermore, we excluded all papers 
that were found multiple times. Within this procedure, the total amount of found literature sources could be 
reduced significantly. 
Then, we started our detailed literature analysis by searching for the key words “complexity driver” or “driver 
of […] complexity” and analyzed the content around the key words. The key words were highlighted in the text 
and we made notes about our first impressions and thoughts. Afterwards, we read all data repeatedly to achieve 
an overview of the whole content and separated the text in different parts regarding its content. The parts 
with relevant information about complexity drivers were assigned to the previously defined categories in our 
synthesis matrix. The assignment of a specific information to a certain category (coding) was induced by the 
particular text passage (coding unit). Parts without relevant information were ignored. As a result of our 
extraction process, a vast amount of data from 235 different literature sources was collected in a table to answer 
our research questions. For information evaluation, we compared the found information in each category to 
identify commonalities or differences. 
The synthesizing process resulted finally in 235 relevant papers. These papers were published in journal 
articles (68), books (41), essays (41), PhD theses (55), conference proceedings (13), working papers (11), news-
papers (4) and websites (2) in the field of complexity drivers in the time period 1991 to 2015 (see Table 3).  
Table 3: List of journals, books and papers published during the period 1991 - 2015 
Literature source Time horizon Number of publications 
 ■  Journals 1991 – 2015 68 
 ■  Books 1993 – 2015 41 
 ■  Essays 1991 – 2015 41 
 ■  PhD theses 1991 – 2015 55 
 ■  Conference proceedings 2010 – 2015 13 
 ■  Working papers 2000 – 2012 11 
 ■  Newspapers 1994 – 2009 4 
 ■  Internet (Websites) 2005 – 2014 2 
             Total: 235 
 
Before 1991, no relevant literature sources with regard to the issue complexity drivers were found in our 
research. One reason could be attributed to the development of the scientific research in the field complexity 
management (Gießmann and Lasch, 2011, pp. 2-4). According to Gießmann and Lasch (2011, pp. 2-4), 
complexity management’s development process can be separated in 3 steps: Variant management, complexity 
management in a narrower sense and integrated complexity management (see Figure 4 from Gießmann and 
Lasch, 2011, p. 4). These steps do not appear strictly in sequence, but also parallel. 
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Figure 4: Complexity management’s evolution 
Due to a change from sellers to buyers market, the companies extend their product portfolio. In consequence, 
the product portfolio reached a volume that could hardly be managed by the companies (Gießmann and Lasch, 
2011, pp. 1-2). Therefore, variant management was developed to handle product’s complexity. Variant 
management’s objective is to combine variant’s diversity and profitability (Gießmann and Lasch, 2011, p. 2; 
Franke et al., 2002, pp. 1-12). Product’s amount and property was one complexity driver. Within the 
complexity management, the focus lay more and more upon the processes. Processes were identified as a further 
complexity driver. In the third step, the upstream and downstream processes and stages were integrated in the 
focus. Furthermore, the interdependencies between the determining factors, the initiated approaches and 
company’s subsystems were determined. The integrated complexity management provides a concept for an 
effective handling of complexity problems (Gießmann and Lasch, 2011, pp. 2-4). Therefore, it can be assumed 
that complexity drivers come more and more into scientific focus at the transition between variant management 
and complexity management in the early nineties of the last century. 
Another reason could be attributed to the definition and understanding of the term “complexity driver”. In 
literature, complexity drivers were defined in many ways (see subsection 3.3.2).  For the authors, complexity 
drivers have an influence on something and are responsible for increasing complexity in a system. In our 
research, we found out that the first definition of complexity drivers was specified by Schmidt (1992, 
p. 14) in the year 1992. 
In variant management, the sources, which were responsible for increasing variant diversity and complexity, 
were called “variant drivers” (Schuh, 2005, pp. 34-37). Thus, it is an indication for us that the term “complexity 
driver” can be attributed to the term “variant driver”. 
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3.3 Literature review about complexity drivers 
3.3.1 Overview about literature research results 
Table 3 presents an overview about the identified literature sources and the number of publications in the field 
of complexity drivers in manufacturing companies and along the value chain (published between 1991 and 
2015). More than 50% of the publications about complexity drivers were published in journals and PhD theses. 
Thus, complexity drivers have a high importance in scientific research. Complexity drivers are also mentioned 
in several books, essays, conference proceedings, as well as working papers with a practical and/or scientific 
purpose. Working papers are publications from companies or universities with a practical and/or scientific 
purpose. In this research, most of the identified working papers are practically oriented. Newspapers and the 
Internet are also literature sources for complexity drivers. After analyzing the different literature sources and 
their focuses, we conclude that complexity drivers have a high relevance in practice, as well as in scientific 
research. 
As already mentioned, in our research, we identified 235 papers about complexity drivers in literature and 
clustered them according to their content in 19 clusters (see Table 4). Building the 19 clusters was an iterative 
process. We started by comparing the papers according to their content and generated the clusters based on 
their commonalities and differences. 160 papers (68%) are only focused on complexity drivers (Cluster #10), 
19 papers (8%) are focused on complexity drivers and complexity driver’s definition (Cluster #12) and  
12 papers (5%) are focused only on complexity drivers and approaches for complexity driver’s identification 
(Cluster #14). Furthermore, 169 papers (72%) are written in German and 66 (28%) in English. 
In addition, we discovered that 212 (90%) of the total amount of 235 papers describe specific complexity drivers 
in manufacturing companies and along the value chain (Cluster #10 to #19). Regarding publication’s language, 
154 papers (73%) are written in German and 58 (27%) in English. Furthermore, 23 papers (Cluster #1 to #9) 
comprise only general information about complexity drivers without the description of specific complexity 
drivers in manufacturing companies and along the value chain. 
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Table 4: Paper’s classification according to their content 
 
Content of literature source 
































































































































































 Paper’s classification according to their content 
 ■  Cluster #1 ●      4 1.7% 1 3 
 ■  Cluster #2 ●    ●  1 0.4% 1 0 
 ■  Cluster #3  ●     3 1.3% 1 2 
 ■  Cluster #4  ● ●    1 0.4% 1 0 
 ■  Cluster #5  ● ● ● ●  1 0.4% 1 0 
 ■  Cluster #6   ●    8 3.4% 6 2 
 ■  Cluster #7   ● ● ●  1 0.4% 1 0 
 ■  Cluster #8    ● ●  1 0.4% 0 1 
 ■  Cluster #9     ●  3 1.3% 3 0 
 ■  Cluster #10      ● 160 68.1% 118 42 
 ■  Cluster #11 ●     ● 2 0.9% 0 2 
 ■  Cluster #12  ●    ● 19 8.1% 16 3 
 ■  Cluster #13  ● ●   ● 5 2.1% 2 3 
 ■  Cluster #14   ●   ● 12 5.1% 8 4 
 ■  Cluster #15   ● ●  ● 1 0.4% 0 1 
 ■  Cluster #16   ● ● ● ● 7 3.0% 5 2 
 ■  Cluster #17    ● ● ● 2 0.9% 1 1 
 ■  Cluster #18    ●  ● 2 0.9% 2 0 
 ■  Cluster #19  ●  ● ● ● 2 0.9% 2 0 
 Total: 7 31 36 17 18 212 235 100% 169 66 
 Number of German literature sources 2 23 24 12 14 154     
 Number of English literature sources 5 8 12 5 4 58     
 
For separating the literature into the 2 parts ‘manufacturing companies’ and ‘along the value chain’, we 
analyzed the 212 literature sources and the identified complexity drivers regarding their focus. We followed the 
complexity driver’s assignment to certain categories that the paper’s authors used. If they describe complexity 
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drivers, which belong to different parts of the value chain, we followed their assignment and used this 
information in our study. We assumed complexity drivers, which are not assigned to a certain part of the value 
chain by the authors, to be general in manufacturing companies. This separation is important for the 
management in a company, because higher management (e.g. CEO or director) needs a vast overview of the 
whole company and the occurring complexity drivers, whereas managers of certain departments (e.g. senior 
manager, department manager, team leader) need an overview about complexity drivers in their specific fields 
of interest. 
Previous literature studies about complexity drivers have been done by 4 authors with different objectives: 
Meyer (2007, pp. 182-183), Serdarasan (2011, pp. 793-795; 2013, pp. 534-535) and Wildemann and Voigt (2011, 
pp. 44-52, 63-72). Principally, it can be distinguished between literature review and literature overview/survey. 
A literature overview/survey reviews the existing literature in a particular field of interest on a surface level. 
However, a literature review analyzes and evaluates the existing literature more in detail as an overview/survey 
and gives the reader a better understanding of the research (Shah, 2015). Serdarasan (2011, pp. 793-794; 2013, 
pp. 534-535) signifies her literature studies as reviews and gives a detailed overview of the “literature on supply 
chain complexity” and its drivers. The literature studies of Meyer (2007, pp. 182-183) and Wildemann and 
Voigt (2011, pp. 44-52, 63-72) refer to a literature research only on complexity drivers and can be assigned to 
the category ‘literature overview/survey’. 
In his PhD thesis, Meyer (2007, pp. 182-183) describes the state of the art regarding specific complexity drivers 
and their influence on increasing complexity. Before reviewing the literature, Meyer (2007, p. 26) describes his 
understanding of the term complexity drivers and states that complexity drivers are factors, which influence 
the system’s complexity and are responsible for changing system’s complexity level (Meyer, 2007, p. 26). The 
literature results are subdivided by Meyer (2007) in 2 categories:  
■ Category #1: General complexity drivers and their influences on increasing complexity in a company. 
■ Category #2: Major complexity drivers and their influences regarding logistics. 
According to Meyer (2007, pp. 29-31), the complexity drivers and their influences in category #1 are based on 
variant management. They concern mostly product complexity and product complexity’s area of influence. As 
a result of the literature research, Meyer (2007, pp. 182-183) identifies 19 literature sources and describes 127 
complexity drivers in 14 driver categories. In summary, Meyer (2007, pp. 182-183) offers a table, showing the 
identified complexity drivers, their appearances in literature and their influences. However, he does not describe 
a comparison between the different literature sources. Furthermore, he focused his research only on general 
complexity drivers and complexity drivers regarding logistics. Complexity drivers in other parts along the value 
chain are not described and compared with his findings. In addition, Meyer (2007) does not describe specific 
approaches for complexity driver’s identification, operationalization and visualization. No research questions, 
databases, search terms and synthesizing methods are determined. 
Serdarasan (2011, pp. 793-794; 2013, pp. 534-535) published 2 review papers concerning supply chain 
complexity drivers. The first paper was published in the proceedings of the 41st International Conference on 
Computers & Industrial Engineering in 2011. The second paper was published in the journal of Computers & 
Industrial Engineering in 2013. In her papers, Serdarasan (2011, p. 792; 2013, p. 533) reviews the “typical 
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complexity drivers that are faced in different types of supply chain and presents the complexity driver and 
solution strategy pairings in the form of a matrix”. The information was extracted from real-life supply chain 
situations and gathered from multiple existing sources, such as interviews, observations, reports and archives.  
In the first paper, Serdarasan (2011, p. 792) reviews the literature on supply chain complexity drivers, because 
in her opinion, this is the first step in developing a clear strategy for complexity handling. Before reviewing 
the literature, Serdarasan (2011, pp. 793-794) analyzed the 3 different types of supply chain complexity (static, 
dynamic and decision making) and describes her understanding of the term complexity drivers. In her 
understanding, “a supply chain complexity driver is any property of a supply chain that increases its 
complexity” and corresponds with the different types of supply chain complexity (Serdarasan, 2011, 
pp. 793-794). Furthermore, Serdarasan (2011, p. 793) classifies the complexity drivers “according to their origin 
in internal, supply/demand interface and external/environmental drivers”. In total, 23 literature sources are 
identified and 27 complexity drivers are described in the 3 driver categories internal, supply/demand interface 
and external. In addition, Serdarasan (2011, pp. 794-795) gives an overview of 27 different solution strategies 
for handling specific complexity drivers. However, the information about all references and the systematic 
review results are not described, because of “space restrictions” in the conference paper (Serdarasan, 2011, 
p. 795). In summary, in her first paper Serdarasan (2011, pp. 793-795) offers an overview, showing the identified 
complexity drivers and their overall origin categories and describes some solution strategies for complexity 
driver’s handling. However, she does not describe a comparison between the different literature sources and 
their findings. Furthermore, she focused her research only on supply chain complexity drivers. Complexity 
drivers in other parts along the value chain are not described and compared with her findings.  
In the second paper, Serdarasan (2013, p. 533) enhances the content of her first paper and reviews the “typical 
complexity drivers that are faced in different types of supply chains and present the complexity driver and 
solution strategy pairings” based on good industry practices. Analogously to the first paper, Serdarasan (2013, 
p. 534) distinguishes in the first step the supply chain complexity in the already mentioned 3 types: Static, 
dynamic and decision making. Then, she describes her understanding of the term complexity drivers and 
combines it with the different types of supply chain complexity and their origin (internal, supply/demand 
interface and external/environmental). In the next step, Serdarasan (2013, p. 535) analyzes the identified 38 
literature sources, focused on supply chain complexity according to their type and origin. As a result of the 
analysis, Serdarasan (2013, pp. 534-535) states that the related literature is mostly focused on internal and 
interface complexities. The number of studies dealing with external complexity drivers is smaller, because 
“external drivers are outside the system boundary of the supply chain”. According to the 3 types of supply 
chain complexity, the literature is mostly focused on static and dynamic types. Decision making complexity is 
also much less in the focus of literature. Based on her literature research, Serdarasan (2013, p. 534) develops a 
classification of supply chain complexity drivers according to their type and origin. In her publication, 32 
supply chain complexity drivers are described in 9 complexity driver categories. For complexity drivers 
handling, Serdarasan (2013, pp. 535-536) extends the overview of different solution strategies from 27 in the 
first paper to 33 in the journal paper. Summarizing the second paper, Serdarasan (2013, pp. 534-535) presents 
a table, consisting of the identified complexity drivers, which were clustered according to their type and origin. 
Furthermore, she compares the different literature sources and their findings to identify commonalities and 
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differences. Analogously to the first paper, Serdarasan (2013) focuses her research only on supply chain 
complexity drivers. Complexity drivers in other parts along the value chain are not described and compared 
with her findings.  
In addition, Serdarasan (2011; 2013) does not describe specific approaches for complexity driver’s identification, 
operationalization and visualization in her 2 papers. Beyond, no research questions, databases, search terms 
and synthesizing methods are determined. 
The objective of Wildemann and Voigt’s research (Wildemann and Voigt, 2011, pp. 40-43) is to identify internal 
and external complexity drivers in manufacturing companies with the aim of quantifying company’s product 
portfolio, process and structure complexity. As a result, a company’s complexity profile can be compared to 
other companies. The basis of Wildemann and Voigt’s (2011, pp. 44-52, 63-72, 114-119) overview is a 
comprehensive literature and case study analysis about complexity drivers. Before starting the literature 
research, Wildemann and Voigt (2011, pp. 44-52) analyzed the term complexity extensively to develop their 
own definitions for internal and external complexity. According to Wildemann and Voigt (2011, p. 52), external 
complexity is the sum of all parameters in a company that cannot be influenced or can only be indirectly 
influenced. External complexity is a constitutive trait for a company’s processes that the product program and 
the company’s structure exhibit. Their dynamics are only predictable to some extent. Internal complexity is 
the sum of all material and immaterial units in a company and their static and dynamic links that express the 
external requirements within the company’s borders. For complexity driver’s understanding, Wildemann and 
Voigt (2011, pp. 65-66) cite the definition of Piller that complexity drivers are a “phenomenon, which actuate 
a system to increase their own complexity”. Based on this understanding, Wildemann and Voigt (2011, 
pp. 63-72) perform a comprehensive literature research focused on complexity drivers and separate the 
identified complexity drivers according to their origin into internal and external categories. As a result of their 
literature research, Wildemann and Voigt (2011, pp. 44-46, 64-72) identify 17 literature sources about 
complexity drivers and identify 32 external and 63 internal complexity drivers, which are allocated in 11 driver 
categories. Wildemann and Voigt (2011, p. 71) criticize that literature’s assignment of complexity drivers to 
different driver clusters show some contradictions. In addition to their literature research, Wildemann and 
Voigt (2011, pp. 114-119) analyze 27 case studies to extend literature’s results about complexity drivers with 
complexity drivers identified in practice. The case studies comprise different branches to provide a 
differentiated overview about external drivers and their internal impacts. In summary, 115 different complexity 
drivers are identified and clustered according to 9 main driver categories (3 external and 6 internal). Then, the 
results are visualized in a “complexity driver tree” and evaluated in a further empirical study to identify the 
most relevant complexity drivers for practice. As a result, the total amount of complexity drivers is condensed 
to an amount of complexity drivers, which is easy to handle in practice. Based on expert interviews, Wildemann 
and Voigt (2011, pp. 116-124, 129-170) finally identify 10 relevant external and 20 relevant internal complexity 
drivers. The concentrated complexity drivers are the basis for an additional empirical research by online 
questioning. Within the questioning, the trends of internal and external complexity drivers, their relevance and 
influences on company’s processes are investigated. The results from literature and empirical research are the 
inputs for the development of a complexity index (Wildemann and Voigt, 2011, pp. 171-380). In summary, 
Wildemann and Voigt (2011, pp. 63-72, 114-124) present in the first step a literature overview about complexity 
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drivers general in manufacturing companies. The identified drivers are clustered according to their origin in 
internal and external drivers. The authors compare the different literature sources and their findings to identify 
commonalities and differences. Then, they compare the literature results with the results from empirical 
research to extend the total amount of complexity drivers. The results are visualized in a complexity tree. The 
practical relevant drivers are identified through expert interviews. However, Wildemann and Voigt (2011) focus 
their research only on general complexity drivers. Complexity drivers in other parts of the company and along 
the value chain are not described and compared with their findings. In addition, Wildemann and Voigt (2011) 
do not describe specific approaches for complexity driver’s identification and operationalization. Only 1 method 
for complexity driver’s visualization is described. For literature research, no research questions, databases, 
search terms and synthesizing methods are determined. 
Table 5 summarizes the results of our analysis according to the previous literature studies about complexity 
drivers. The table shows a list of existing reviews and overviews/surveys and gives an overview of their focus, 
research period and results about complexity drivers. Furthermore, the identified literature studies are analyzed 
and evaluated based on the requirements of a systematic, explicit and reproducible literature review, described 
by Fink (2014, p. 3).  
The evaluation is based on the following 2 criteria: Fulfilled (+ +) and not fulfilled (-). Table 5 gives an 
overview about the determination of the 2 evaluation criteria in the following 2 categories: 
■ Determination of research questions, databases, search terms and synthesizing methods. 
■ Comparison of literature findings with other literature sources or empirical research data. 
As a result of Table 5 and the analysis of the previous literature studies, the existing studies cover complexity 
drivers on specific issues, such as logistics, supply chains or general in manufacturing companies (see Table 5). 
A vast number of literature sources and complexity drivers in the referred field is covered in these literature 
studies. Although, a systematic, explicit and reproducible method for identification, evaluation and synthesizing 
the existing literature about complexity drivers is not described (Fink, 2014, p. 3). In the previous literature 
studies, no research questions, databases, search terms and synthesizing methods are described (see Table 5). 
Furthermore, the literature findings are only compared in 2 of the 4 studies to identify commonalities and 
differences to improve reader’s understanding in a particular field of research. These are essential to determine 
the current state of knowledge about a particular research issue in a literature review according to Fink (2014, 
pp. 3-5).  
The existing literature studies only describe complexity drivers in a specific field of manufacturing companies. 
A more general overview about complexity drivers in manufacturing companies and along the value chain does 
not exist yet. Furthermore, no different definitions of complexity drivers are identified, compared and discussed 
in the previous literature studies. Meyer (2007, p. 26), Serdarasan (2011, p. 793; 2013, p. 534) and Wildemann 
and Voigt (2011, pp. 63-64) provide only 1 definition for complexity drivers. In our opinion, a more extensive 
point of view is necessary to identify all characteristics of complexity drivers. Complexity driver’s understanding 
is the first step in managing complexity (see subsection 3.3.1). In the existing studies, no approaches for 
complexity driver’s identification or operationalization are described. A specific and target-oriented complexity 
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management is based on identification, operationalization and visualization of a system’s complexity drivers 
(see subsection 3.3.2). For science and practice, it is important to know that different methods for complexity 
driver’s identification, operationalization and visualization exist in literature. Only Wildemann and Voigt 
(2011, pp. 116-117) describe a method for complexity driver’s visualization in their research paper. However, 
this method is not applicable in all cases. Thus, further methods for complexity driver’s visualization are 
required. 









and Voigt  





Type of literature study Overview Review Overview Review 
Publication’s language German English German English 
Focus 
General in manufacturing companies ●  ●  
Product Development     
Procurement/Purchasing     
Logistics ●    
Production     
Order Processing/Distribution/Sale     
Internal Supply Chain  ●  ● 
Remanufacturing     
General in Value Chain     
Research period 1992 - 2004 1998 - 2011 1991 - 2010 1992 - 2011 
Literature review’s 
results: 
Amount of ... 
Identified literature sources 19 25 17 38 
Complexity driver’s definitions 1 1 1 1 
Described complexity drivers 127 27 95 32 
Complexity driver categories 14 3 11 9 
Determination  
of …  
by the author(s) 
Research questions - - - - 
Databases - - - - 
Search terms - - - - 




Other literature sources - - + + + + 
Empirical research data - - + + - 
 Evaluation criteria:     
 fulfilled (+ +) Precise research questions, databases, search terms and synthesizing methods are described. 
  The literature findings are compared with other literature sources or empirical research data.    
 not fulfilled (-) Precise research questions, databases, search terms and synthesizing methods are not described. 
  The literature findings are not compared with other literature sources or empirical research data.  
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In our research, we want to close the referred gaps by a systematic, explicit and reproducible literature review 
about complexity drivers general in manufacturing companies and along the value chain. According to 
literature, the existing studies are only focused on specific issues, such as logistics, supply chain or general in 
the company (see Table 5). One of this chapter’s purposes is to present an overview about complexity drivers 
in all aspects along the value chain and in manufacturing companies in attempt to close this literature gap. 
Furthermore, the results are compared with each other to identify commonalities and differences between 
complexity drivers general in manufacturing companies and along the value chain. In addition, we identify and 
analyze all existing definitions of complexity drivers and develop a new overall definition to increase the 
understanding of complexity drivers. Our objective is to fulfill all requirements of a literature review in general. 
To achieve this aim, the identified 235 literature sources (NT) were analyzed in detail (see Figure 5). In total, 
23 papers are focused only on general information about complexity drivers (NO). As already mentioned, 212 
papers contain information about complexity drivers in manufacturing companies and along the value chain 
(NI). Within these 212 papers, 108 literature parts can be identified that deal with complexity drivers general 
in manufacturing companies (NG). Furthermore, 115 literature parts are focused on complexity drivers along 
the value chain (NVC). As a result, 11 papers describe both parts (NG∩NVC).  
 
Figure 5: Overview about literature analysis’ results 
After identification and segmentation of the researched literature, the next step was to analyze the overall 
trend of all literature regarding complexity drivers in manufacturing companies and along the value chain (see 
Figure 6). Further, the results were separated in German and English publications. Figure 6 presents the total 
amount of publications regarding complexity drivers, published in the time period 1991 to 2015.  
The represented trend shows an increased interest in complexity drivers throughout the last 10 years, because 
they are the basis for a target-oriented complexity management. It can be derived that complexity drivers 
attract more and more attention in scientific research. Another reason for the increase in numbers of literature 
Total amount of literature sources about
complexity drivers between 1991 and 2015: 
NT: 235
Amount of literature sources
with information about complexity drivers in 















on the value chain:
NVC: 115
NG ∩ VC: 
11
NI  ⊆ NT
NO ⊆ NT
NG ∪ VC: 
223
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sources might be the increased amount of included literature sources in databases over time. For example, the 
database EBSCOhost enhanced their connection to other databases over the last years and thus it covers more 
and more books, journals and conference papers. Between 2004 and 2015, 74% of all publications were 
published. Furthermore, 72% of all publications were published in German. However, the amount of English 
publications increased continuously in the last 6 years. 
 
Figure 6: Trend of all literature sources about complexity drivers between 1991 and 2015 
As already mentioned, 212 papers (90% of all literature sources) describe specific complexity drivers in 
manufacturing companies and along the value chain. After analyzing and synthesizing these 212 papers, we 
identified 223 different literature parts with complexity drivers in manufacturing companies and along the 
value chain (see Figure 5 and Table 46 in the appendix). Thus, 11 authors have described more than one field 
of complexity drivers in their publications (see Figure 5). For example, Mayer (2007, p. 109), Meyer (2007, 
p. 101) and Lasch and Gießmann (2009a, p. 201) describe complexity drivers general in manufacturing 
companies and drivers in the field logistics in their publications.  
With regard to the existing literature, the data from Figure 6 was separated in 2 categories to allow the 
researchers an overview about the different trends in literature regarding complexity drivers (see Figure 7) and 
their increasing importance for manufacturing companies: 
■ General complexity drivers in manufacturing companies (108 parts). 
■ Complexity drivers along the value chain (115 parts). 
Furthermore, the different trends in literature show the current research direction and give an implication for 
gaps and future research. 
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Figure 7 shows these referred trends during the last 25 years. In total, 108 literature parts (48%) concern 
general complexity drivers in manufacturing companies. Most of these publications were published between the 
years 1998 and 2010 (70%). On the other side, 115 publications describe complexity drivers along the value 
chain. In the last 10 years, 83% of the publications about complexity drivers along the value chain were 
published. Thus, there is an increasing interest in complexity drivers along the value chain in scientific 
literature. 
A comparison between the focus of publications in the early years with the focus of publications during more 
recent years shows that complexity drivers are now described more in detail regarding different parts along the 
value chain. This indicates that complexity drivers gain more and more importance in scientific research. 
 
Figure 7: Trend of literature about general complexity drivers in manufacturing companies and complexity 
drivers along the value chain in manufacturing companies between 1991 and 2015 
According to Wildemann (2011, p. 86), Schönsleben (2011, pp. 8-9), Blecker and Kersten (2006, pp. V-VI) and 
Kaluza, Bliem and Winkler (2006, pp. 3-11), we separated the value chain in 7 different fields: Product 
Development (PD), Procurement/Purchasing (PC), Logistics (L), Production (PR), Order Processing/Distri-
bution/Sale (OPD), Internal Supply Chain (SC) and Remanufacturing (R). 
Furthermore, we extend this separation by introducing the field General in Value Chain (VC), because in our 
research, we found out that some authors described complexity drivers along the value chain in general. 
To allow an overview about the trend of literature in the 8 different fields of the value chain, the data from 
Figure 7 in the category complexity drivers along the value chain was separated. Table 6 gives an overview 
about the amount of literature during the last 25 years in particular fields of the value chain. The table also 
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shows that the amount of publications about complexity drivers in all 8 different fields has increased. Thus, 
there is an increasing interest in complexity drivers over the last 10 years.  
The main focus is on internal supply chain (23%), production (22%), logistics (16%), product develop- 
ment (15%) and order processing/distribution/sale (11%). In summary, 87% of all publications are focused on 
these fields. This shows that these fields are identified by several researches as important sources of complexity 
in the company and were analyzed precisely within the last 25 years. Other important sources of complexity 
are the fields procurement, remanufacturing and general in value chain, but only 13% of the publications are 
focused on these fields. With a percentage of 3.5%, the field remanufacturing has the smallest proportion of all 
publications. The analysis shows that in the fields procurement, remanufacturing and general in value chain 
future research is necessary, because these fields are also important sources of complexity in manufacturing 
companies. Based on the systems theory, complexity occurs not only in specific parts of a system. Instead, 
handling complexity requires a consideration of all parts and their interdependencies in a system. 
Table 6: Overview about the amount of literature in particular fields of the value chain 
















































































PD        2     1 1  1 1   1  4  4 2 17 14.8% 
PC         1      1  1   1 1   1  6 5.2% 
L    1 2   1  1    1 2 1 2  1 2 2   1 1 18 15.7% 
PR        1 1     1 2  1 1 2 1 5 1 1 5 3 25 21.7% 
OPD  1     1  1       1 1   1 1 3 1 1 1 13 11.3% 
SC              2 2 2 2  2 1 7 1 4 1 2 26 22.6% 
R                     2 1 1   4 3.5% 
VC             1     1   2   1 1 6 5.2% 
           Total: 115 100% 
 Explanation to Field: 
 PD Product Development PC Procurement/Purchasing   L Logistics 
 PR Production  OPD Order Processing/Distribution/Sale  SC Internal Supply Chain 
 R Remanufacturing  VC General in Value Chain 
 
3.3.2 Definition of complexity drivers 
Complexity management in the company requires identification and controlling of the essential complexity 
drivers (Schuh, 2005, p. 8; Budde and Golovatchev, 2011, p. 2), because complexity drivers can lead to 
increasing complexity (Blecker et al., 2005, p. 59). Before identification, it is necessary to understand, what a 
complexity driver is (Meyer, 2007, pp. 21-29; Kolbusa, 2013a, p. 83). Lucae, Rebentisch and Oelmen (2014, 
p. 654) argue that it is important “to better understand the complexity drivers that are impeding reliable 
planning and common planning mistakes made in large-scale engineering programs”. In literature today, there 
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is no universal understanding of the term “complexity driver” (Meyer, 2007, pp. 21-29). Buob (2010, pp. 15-22, 
52) argues that the term “complexity driver” cannot be defined extensively.  
Answering the first research question, we analyzed the identified literature. Several different definitions exist 
in literature, but they all tend to the same content and seem alike and not different (see Table 7).  
To describe the term complexity driver, the first step is to understand, what a driver is in general. In the 
Business Dictionary (2014) 3 different definitions of the term “driver” exist: 
■ Condition or decision that causes subsequent conditions or decisions to occur as a consequence of its own 
occurrence. 
■ Element of a system that has a major or critical effect on the associated elements or the entire system. 
■ Root cause of a condition or measurement. 
These 3 different definitions show that a driver is responsible for a situation or condition and has an impact 
on it. Table 7 presents several definitions about complexity drivers that exist in literature and their authors. 
In total, 36 literature sources describe different definitions of complexity drivers, 26 sources are written in 
German and 10 in English. Generally, the definitions can be separated in 5 main categories: factors, indicators, 
sources, parameters/variables and symptoms/phenomenon, which influence a system’s complexity. The 
different complexity driver’s categories are filled with information from German and English written studies. 
Most of the different driver’s categories comprise information from both languages. Only the category ‘sources’ 
is described only in German written literature studies. Further, it can be seen that the English literature sources 
are concentrated on the categories ‘factors’ and ‘indicators’. For literature’s synthesizing, we analyzed the 
different statements or definitions of the authors and summarized them in a superior statement, which is 
described in Table 7. 
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Table 7: Definitions of complexity drivers in scientific literature 




The author(s) describe(s) complexity drivers as… 
 Factors Schmidt (1992, p. 14)1; Reiß (1993a, p. 3)1;  
Fleck (1995, p. 178)1; Höge (1995, pp. 5-6)1; 
Bohne (1998, pp. 58-59)1; Puhl (1999,  
p. 31)1; Berens and Schmitting (1998, 
p. 98)1; Fehling (2002, p. 68)1; Gianno-
poulos (2006, pp. 154-156)2; Buob (2010, 
pp. 20-21)1 
 …factors, which influence a system’s complexity. 
Piller and Waringer (1999, pp. 5-6)1  …factors, which increase a system’s complexity. 
Hanenkamp (2004, pp. 62-66)1; Meyer 
(2007, p. 26)1; Lammers (2012, pp. 31-33)1 
 …factors, which influence the system’s complexity and are  
 responsible for changing system’s complexity level. 
Schuh, Gartzen and Wagner (2015, p. 2)2  …factors, which may create high complexity. 
Christ (2015, p. 58)1  …factors, which are responsible for resource wasting (‘Muda’) in  
 the company. 
 Indicators Warnecke and Puhl (1997, p. 360)1; Puhl 
(1999, p. 31)1; Perona and Miragliotta 
(2004, pp. 111-114)2; Giannopoulos (2006, 
pp. 154-156)2; Leeuw, Grotenhuis and Goor 
(2013, pp. 960-969)2 
 …indicators, which influence a system’s complexity. 
Payne and Payne (2004, pp. 116-119)2  …indicators for complexity, but they do not describe all  
 characteristics of the phenomenon. 
Rudzio, Apitz and Denkena (2006, p. 53)1  …indicators, which indicate high complexity in the company. 
 Sources Wildemann (1999b, pp. 31-32)1  …sources, which are responsible for a system’s complexity. 
Gießmann and Lasch (2010, p. 155)1  …sources, which influence the target achievement in the company. 
 Parameters/   
 Variables 
Biersack (2002, p. 52)1  …parameters, indicators or factors, which help to define the  
 characteristics and economic effects of a system’s complexity. 
Schließmann (2010, p. 59)1;  
Gerschberger et al. (2012, pp. 1015-1016)2 
 …parameters, which are responsible for a system’s complexity. 
Schwenk-Willi (2001, pp. 27-28)1  …variables, which depend on one another, without complete  
 reduction to another one. 
 Symptoms/  
 Phenomenon 
Höge (1995, pp. 5-6)1  …symptoms of a system’s complexity. 
Dehnen (2004, p. 32)1;  
Götzfried (2013, pp. 35-36)2 
 …phenomenon, which actuates a system to increase own  
 complexity. 
 Others Dehnen (2004, p. 47)1  …dimensions of complexity. 
Moos (2009, p. 54)1  …forces, which encourage a system’s complexity and are located  
 on the interface between external and internal complexity. 
Serdarasan (2011, p. 793; 2013, p. 534)2  …properties, which increase a system’s complexity. 
 Language of literature source:  1 German (Number: 26)  2 English (Number: 10) 
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After analyzing and synthesizing the existing literature and the described different definitions of complexity 
drivers, we come to the conclusion that an overall definition is required to summarize all collected information 
in 1 definition. 
For the development of the new definition, we proceeded in the following way: In the first step, we analyzed 
the characteristics of a definition itself. The first common statement of a definition is by Aristoteles. He states 
that a definition is a “statement, which contains the essence of the object that is to be defined” (cited in 
Dubislav, 1981, pp. 3-4). The Encyclopedia of Language and Linguistics describes a definition as a “statement 
of the meaning of a word, term, or symbol” (Brown et al., 2006, p. 399). The encyclopedias of BROCKHAUS 
and DIE ZEIT extend the mentioned definition and describe a definition as a “determination of a term by 
specifying the essential attributes” (BROCKHAUS, 2006, p. 366; DIE ZEIT, 2005, p. 277). According to the 
Encyclopedia of Language and Linguistics, a “traditional definition consists of a genus term and any of a 
number of differentia. The genus term answers the question, ‘What sort of thing is it?’. The differentia 
distinguishes it from members of related sets” (Brown et al., 2006, p. 399). The encyclopedia of DIE ZEIT 
describes the genus term as the “generic term (genus proximum)”. The differentia specifies the differences in 
nature (DIE ZEIT, 2005, p. 277).  
Based on definition’s structure in literature, in the next step, we analyzed the existing definitions and 
statements according to their structure. In all definitions or statements, the term “complexity driver” is the 
genus term. The terms “factor” or “indicator” or “source” or “parameter” etc. are the hypernym of a class. The 
differentia describes the characteristics and the essential attributes of the definition and “distinguish it from 
members of related sets” (Brown et al., 2006, p. 399). The statements “[…] which influence a system’s 
complexity” or “[…] which indicate high complexity in company” etc. are the identified differentia in our 
research. 
In literature, several hypernyms for complexity drivers are presented: Factor, indicator, source, parameter, 
variable, symptom, phenomenon, dimension, force and property. However, the meanings of these terms are 
different (see Table 8). Thus, we analyzed these terms and compared the meanings with the general 
understanding of a complexity driver, described in literature. According to Schuh (2005, p. 8), Meyer (2007, 
p. 26) and Krizanits (2015, p. 44), complexity drivers are causing something or have an effect or influence on 
something. Then, we evaluated the existing meanings based on the following 3 evaluation criteria:  
■ Fulfilled (+ +):  Content covers the general understanding of a complexity driver in total and  
     contains the 2 terms cause and influence.  
■ Partial fulfilled (+): Content covers the general understanding of a complexity driver partially and   
     contains 1 of the 2 terms cause and influence. 
■ Not fulfilled (-):  Content does not cover the general understanding of a complexity. The 2 terms 
    cause and influence are not described. 
The terms, which fulfill the general understanding of a complexity driver are marked (see Table 8). The Oxford 
Learner’s Dictionaries define the different hypernyms presented in Table 8. As a result, only the term factor 
consists the attributes cause and influence. Thus, we come to the conclusion that the term factor is the suitable 
hypernym for complexity drivers. 
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Table 8: Definitions of complexity driver’s hypernyms 
 Complexity driver’s   
 hypernyms 
 Definition according to the Oxford Learner’s Dictionaries 
Evaluation 
result 
 Factor (Oxford Learner’s  
  Dictionaries, 2016b) 
 “One of several things that cause or influence something.” + + 
 Indicator (Oxford Learner’s  
  Dictionaries, 2016d) 
 “A sign that shows you what something is like or how a situation is changing.” - 
 Source (Oxford Learner’s  
  Dictionaries, 2016h) 
 “A person or thing that causes something, especially a problem.” + 
 Parameter (Oxford Learner’s  
  Dictionaries, 2016e) 
 “Something that decides or limits the way in which something can be done.” - 
 Variable (Oxford Learner’s  
  Dictionaries, 2016j) 
 “Able to be changed.” - 
 Symptom (Oxford Learner’s  
  Dictionaries, 2016i) 
 “A sign that something exists, especially something bad.” - 
 Phenomenon (Oxford Learner’s 
 Dictionaries, 2016f) 
 “A fact or an event in nature or society, especially one that is not fully understood.” - 
 Dimension (Oxford Learner’s  
  Dictionaries, 2016a) 
 “The size and extent of a situation.” - 
 Force (Oxford Learner’s  
  Dictionaries, 2016c) 
 “The strong effect or influence of something.” + 
 Property (Oxford Learner’s  
  Dictionaries, 2016g) 
 “A quality or characteristic that something has.” - 
 Explanation for evaluation criteria: + + fulfilled  + partially fulfilled  - not fulfilled 
 
In the next step, we analyzed the identified differentia and compared them with each other to identify 
commonalities and differences. Then, we clustered the differentia according to their content. In literature, 16 
different differentia are described. Some differentia are used more often than others to describe complexity 
drivers. Table 9 presents the 16 differentia, their literature’s occurrence and the results of differentia’s 
clustering. 
In summary, the 16 differentia can be clustered in 5 groups. The first group describes that complexity drivers 
have principally an influence on system’s complexity. Group #2 concretizes the statement of group #1 and 
concludes that complexity drivers have not only an influence on system’s complexity, but they are responsible 
for increasing the complexity level in a system. Group #3 describes further that complexity drivers have a 
direct influence on company’s target achievement. Beyond, complexity drivers are influenced by one another, 
that is by internal or external drivers, and cannot be reduced completely to another one (see Group #4). 
Furthermore, complexity drivers help to define the characteristics or the phenomenon of a system’s complexity 
(see Group #5). 
Based on the 5 differentia groups and the identified hypernym term “factor”, we developed the following general 
complexity driver definition: 
Complexity drivers are factors, which influence a system’s complexity and company’s target achievement. They 
are responsible for increasing system’s complexity level and help to define the characteristics or the phenomenon 
of a system’s complexity. Complexity drivers are influenced by one another, that is by internal or external 
drivers, and cannot be reduced completely to another one.  
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Table 9: Overview of complexity driver’s differentia and their literature’s occurrence 
Type 
In literature described complexity driver’s 
differentia 
Number of authors that  
use this differentia 
Clustering of the identified complexity 
driver’s differentia 
#1 […], which influence a system’s complexity. 18 
[…], which influence a system’s complexity. 
#2 
[…], which are responsible for a system’s 
complexity. 
3 
#3 […], which encourage a system’s complexity. 1 
#4 […], symptoms of a system’s complexity. 1 
#5 […], dimension of complexity. 1 
#6 
[…], are responsible for changing system’s 
complexity level. 
3 
[…], which are responsible for increasing 
system’s complexity level. 
#7 […], which increase a system’s complexity. 3 
#8 […], which may create high complexity. 1 
#9 








[…], which are responsible for resource wasting in 
the company. 
1 
[…], which influence company’s target 
achievement. 
#12 




[…], which depend on one another, without 
complete reduction to another one. 
1 […], are influenced by one another (internal or 
external) and cannot be reduced completely to 
another one. #14 
[…], located on the interface between external 
and internal complexity. 
1 
#15 
[…], but they do not describe all characteristics 
of the phenomenon. 
1 
[…], help to define the characteristics or the 
phenomenon of a system’s complexity. 
#16 
[…], which help to define the characteristic and 
economic effects of a system’s complexity. 
1 
 
3.3.3 Approaches for identification, operationalization and visualization of 
complexity drivers 
Complexity drivers have an influence on companies and the total value chain (Schuh, 2005, pp. 8-19). A specific 
and target-oriented complexity management is based on identification, operationalization and visualization of 
a system’s complexity drivers. Keuper (2004, pp. 82-83) describes that handling a company’s complexity 
depends on the complexity drivers. Schmitt, Vorspel-Rüter and Wienholdt (2010, pp. 843-844) explain that 
the identification and classification of measurable complexity drivers is the baseline for complexity reduction. 
Further, Schwenk-Willi (2001, p. 27) and Sun and Rose (2015, pp. 1211-1215) argue that complexity drivers 
are necessary for operationalization and quantification of complexity. Greitemeyer, Meier and Ulrich (2008) 
describe that complexity drivers are responsible for complexity costs. Moreover, they are necessary for the 
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creation of complexity key performance indicators. Therefore, it is required to identify and evaluate the relevant 
drivers (Greitemeyer, Meier and Ulrich, 2008, pp. 37-39). 
According to the quote “If you can’t measure it you can’t manage it.” (Grote, Kauffeld and Frieling, 2006, 
p. 4), it is important to quantify complexity drivers and their effects (Haumann et al., 2012, p. 108; Schwenk-
Willi, 2001, pp. 27-31; Steinhilper et al., 2012, pp. 361-362) from a holistic view (Sun and Rose, 2015, p. 1211). 
For quantifying complexity drivers and their effects, it is necessary to identify theoretically possible complexity 
drivers first. The next step is to identify practically relevant complexity drivers (Haumann et al., 2012, 
pp. 108-111; Steinhilper et al., 2012, pp. 362-364), for example within an empirical research (Wildemann and 
Voigt, 2011, pp. 113-170).  
To answer the second research question, we analyzed the identified literature sources according to general 
approaches for complexity driver’s identification, operationalization and visualization. Parry, Purchase and 
Mills (2011, p. 68) argue that recognition and identification of the complexity drivers “enable managers to 
realize value” and “reducing complexity where possible”. Ehrenmann (2015, p. 15) argues further that 
complexity driver’s analysis enables first indications about the success of process’ changing. 
3.3.3.1 Identification of complexity drivers 
As a result of literature analysis, 37 authors describe 21 different approaches for complexity driver’s 
identification in their papers. Most of the identified approaches are published in German written studies (68%). 
More than 50% of the approaches are applied for complexity driver’s identification general in manufacturing 
companies. Based on the literature analysis, the most applied approaches are expert interviews, process analysis 
and system analysis. Table 10 presents an overview of the identified approaches found in literature and the 
fields, on which they are focused. Some authors combine different approaches to identify complexity drivers. 
Furthermore, the identified approaches are clustered into 7 fields based on their principle to increase 
transparency. An evaluation of the different approaches regarding their practical uses was not conducted. This 
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Table 10: Overview about approaches for identification of complexity drivers in particular fields (Part A) 
Explanation according to focus: 
 G  General in manufacturing companies 
 PD  Product Development 
 PC  Procurement/Purchasing 
 L Logistics 
 PR Production* 
 OPD Order Processing/Distribution/Sale* 
 SC  Internal Supply Chain 
 R  Remanufacturing 
 VC  Total Value Chain 
 
 *  No approaches for identification of 
 complexity drivers were found in this  
  field. 
 
Language of literature source: 
 1 German  (Number: 25) 
 2 English  (Number: 12) 
Approach(es) based on… 
 1: Questioning      4: Influence & Dependency 7: Others 
 2: Process & Observation     5: Documents & Literature 





















































































































































































































































Vizjak and Schiffers (1996, p. 9) 1                    ●  G 
Warnecke and Puhl (1997, p. 360) 1    ●                  G 
Rosemann (1998, p. 61) 1      ●                G 
Puhl (1999, pp. 31-33) 1        ●              G 
Meier, Hanenkamp and Bäcker (2003, 
pp. 10-11) 1 
           ●          G 
Hanenkamp (2004, pp. 66-67) 1   ●                   G 
Giannopoulos (2006, p. 154) 2  ●                    G 
Größler, Grübner and Milling (2006, 
pp. 261-264) 2 
                  ●   G 
Kohagen (2007, p. 20) 1          ●            G 
Krause, Franke and Gausemeier (2007,  
pp. 16-19) 1 
       ●              G 
Greitemeyer, Meier and Ulrich (2008, 
pp. 38-39) 1 
         ●            G 
Lasch and Gießmann (2009b, p. 116) 1           ●  ●        ● G 
Bayer (2010, p. 9) 1 ●                  ●   G 
Schließmann (2010, p. 59) 1        ●              G 
Schmitt, Vorspel-Rüter and Wienholdt (2010, 
pp. 843-844) 1 
       ●              G 
Schawel and Billing (2011, p. 111) 1    ●     ●             G 
Collinson and Jay (2012, pp. 42-47) 2 ● ●      ●        ●      G 
Steinhilper et al. (2012, pp. 361-364) 1 ●   ●                  G 
Serdarasan (2013, p. 533) 2       ●               G 
3  Complexity drivers in manufacturing companies: A literature review 59 
 
Table 10: Overview about approaches for identification of complexity drivers in particular fields (Part B) 
Explanation according to focus: 
 G  General in manufacturing companies 
 PD  Product Development 
 PC  Procurement/Purchasing 
 L Logistics 
 PR Production* 
 OPD Order Processing/Distribution/Sale* 
 SC  Internal Supply Chain 
 R  Remanufacturing 
 VC  Total Value Chain 
 
 *  No approaches for identification of 
 complexity drivers were found in this  
  field. 
 
Language of literature source: 
 1 German  (Number: 25) 
 2 English  (Number: 12) 
Approach(es) based on… 
 1: Questioning      4: Influence & Dependency 7: Others 
 2: Process & Observation     5: Documents & Literature 





















































































































































































































































Krumm and Schopf (2005, p. 47) 1              ●        PD 
Bosch-Rekveldt et al. (2015, pp. 1084-1086) 2   ●                   PD 
Wildemann (1999a, p. 65) 1        ●          ●    PC 
Weber (1994, p. 24) 1    ●                  L 
Lasch and Gießmann (2009a, pp. 223-227) 1  ●                    L 
Kersten, Lammers and Skirde (2012, 
pp. 21-25) 1 
       ●         ●     L 
Reuter, Prote and Stöwer (2015, p. 9) 1                 ●     PR 
Schott, Horstmann and Bodendorf (2015, 
pp. 33-36) 2 
                ●     PR 
Perona and Miragliotta (2004, pp. 106-107) 2 ●                     SC 
Geimer (2005, pp. 40-43) 1 ●                     SC 
Vickers and Kodarin (2006, p. 2) 2 ●                     SC 
Ballmer (2009, p. 61) 1    ●                  SC 
Kersten (2011, p. 16) 1        ●              SC 
Leeuw, Grotenhuis and Goor (2013, 
pp. 969-970) 2 
●  ●                   SC 
Haumann et al. (2012, pp. 108-111) 2 ●   ●                  R 
Seifert et al. (2013, pp. 648-652) 2 ●   ●                  R 
Brosch et al. (2011a, pp. 856-857) 1    ●           ●       VC 
Brosch et al. (2012, p. 127) 2 ●   ● ●          ●       VC 
Total: 10 3 3 9 1 1 1 8 1 2 1 1 1 1 2 1 3 1 2 1 1  
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According to Table 10, 14 different authors use approaches based on questioning for identification and 
classification of complexity drivers. These approaches are applied to gather the expert’s knowledge and 
experience. Further methods for identification of complexity drivers are the process or situation observation, 
the process analysis and the activity-based costing. They are used by 11 different authors. During a process 
analysis, the process is divided into its parts to increase process’ understanding and to identify the main parts, 
as well as possible weaknesses. Activity-based costing is based on the process analysis. The costs are divided 
into direct and indirect costs to identify cost drivers and thus complexity drivers. Another possibility to identify 
complexity drivers is to analyze a company’s system or structure. During a system analysis, the system is 
divided into its parts with the objective of identification and analyzing system’s behavior and the 
interdependency between the different parts (Krause, Franke and Gausemeier, 2007, pp. 16-19). The structure 
analysis is conducted in the same way as a system or a process analysis. To analyze the interdependency 
between the elements of processes, systems, parts or structures and to identify furthermore the specific 
complexity drivers, the following approaches are used in literature: Influence analysis, dependence analysis, 
cause-effect-analysis, variant mode and effect analysis, as well as failure mode and effect analysis. These 
approaches are based on a process, system or structure analysis. A further method to get an overview about a 
company’s complexity and its drivers is to analyze the scientific literature or the existing documents in the 
company, as well as complexity diaries. Complexity diaries are used by the management and employees to 
document all causes of complexity in the company (Collinson and Jay, 2012, p. 42). In the existing literature, 
4 authors use these approaches for identifying complexity drivers. ABC-analysis is also applied for identification 
of complexity drivers. Wildemann (1999a, p. 65) uses an ABC-analysis in combination with a system analysis 
in the field procurement and logistics. As a result of this analysis, the goods or components, which occur at 
any rate, but have the highest complexity in the system, are the complexity drivers. Other approaches for 
identification of complexity drivers are the factor analysis, the cost-benefit analysis and creativity techniques. 
The factor analysis is a multivariate statistical method used to describe variability based on an empirical 
research. The objective is to concentrate the high number of variables to a lower number, called factors. These 
factors are the main determining components in a system (Brosius, 2013, p. 789) and thus the complexity 
drivers. In literature, the cost-benefit analysis is also used to identify complexity drivers according to a 
company’s performance. As a result of a cost-benefit analysis, the objects with the highest costs and lowest 
benefit can be identified as the complexity drivers (Vizjak and Schiffers, 1996, p. 9). The creativity techniques 
in combination with other approaches are also used for complexity driver’s identification, but no specific 
creativity method is referred to in literature. 
3.3.3.2 Operationalization and visualization of complexity drivers 
After identification of complexity drivers, the next step for a target-oriented complexity management is to 
operationalize and visualize the complexity drivers. Based on the literature analysis, 17 authors and 8 different 
approaches were identified for operationalization of complexity drivers. For visualization of complexity drivers, 
19 authors and 8 approaches were found. The most applied approach in both areas is the classification- and 
driver-matrix. Table 11 presents an overview of the identified approaches and the fields. Some authors combine 
different approaches to operationalize complexity drivers.  
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The identified approaches for operationalization and visualization were also clustered into 7 fields based on 
their principle to increase transparency and understanding. Again, this is just a mere reflection of the 
approaches found in literature without an evaluation of their application in practice. However, it can be seen 
that some approaches, like the classification- and driver-matrix and the cluster analysis, are used for both, 
visualization and operationalization. Further research may include the evaluation of the application of different 
approaches in practice and their precise fields of application. Because some approaches are used for both, 
visualization and operationalization, it is not clear, how these approaches are used and clarification through 
further research is needed.   
Table 11: Overview of approaches for operationalization and visualization of 
complexity drivers in particular fields (Part A) 
Explanation according to focus: 
 G  General in manufacturing companies 
 PD  Product Development* 
 PC  Procurement/Purchasing* 
 L Logistics 
 PR Production* 
 OPD Order Processing/Distribution/Sale* 
 SC  Internal Supply Chain 
 R  Remanufacturing 
 VC  Total Value Chain 
 
 *  No approaches for operationalization  
  or visualization of complexity drivers  
  were found in this field. 
 
Language of literature source: 
 1 German  (Number: 18) 
 2 English  (Number: 4) 
Approach(es) based on… 
 1: Classification   4: System  7: Others 
 2: Influence & Dependency    5: Structure 


























































































































































































Stark and Oman (1995, pp. 428-430) 2      ●   
 
       ● G 
Puhl (1999, pp. 55-57, 69-71) 1   ●      ●        G 
Purle (2004, pp. 109-111) 1  ●       No approach referred G 
Größler, Grübner and Milling (2006, 
pp. 261-264) 2 
      ●  No approach referred G 
Schuh, Sauer and Döring (2006, pp. 73-74) 1 No approach referred      ●   G 
Meyer (2007, pp. 118-123) 1 ●    ●    ●        G 
Dalhöfer (2009, pp. 71-76) 1   ● ●     No approach referred G 
Lasch and Gießmann (2009b, p. 117) 1  ● ●   ●  ●   ●      G 
Schawel and Billing (2011, p. 111) 1 ●        ●        G 
Schuh et al. (2011, pp. 118-119) 1 No approach referred     ●    G 
Schuh et al. (2014a, pp. 314-315) 1 No approach referred     ●    G 
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Table 11: Overview of approaches for operationalization and visualization of 
complexity drivers in particular fields (Part B) 
Explanation according to focus: 
 G  General in manufacturing companies 
 PD  Product Development* 
 PC  Procurement/Purchasing* 
 L Logistics 
 PR Production* 
 OPD Order Processing/Distribution/Sale* 
 SC  Internal Supply Chain 
 R  Remanufacturing 
 VC  Total Value Chain 
 
 *  No approaches for operationalization  
  or visualization of complexity drivers  
  were found in this field. 
 
Language of literature source: 
 1 German  (Number: 18) 
 2 English  (Number: 4) 
Approach(es) based on… 
 1: Classification   4: System  7: Others 
 2: Influence & Dependency    5: Structure 


























































































































































































Krizanits (2015, pp. 44-46) 1  No approach referred 
 
       ● G 
Haumann et al. (2012, pp. 108-111) 1 ●           ●     G, R 
Lammers (2012, pp. 32-35) 1 ● ●        ●       G 
Steinhilper et al. (2012, pp. 361-364) 1 ●           ●     G, R 
Aelker, Bauernhansl and Ehm (2013, p. 81) 2 ●        ●        G 
Seifert et al. (2013, pp. 648-652) 2 ●           ●     G, R 
Wildemann and Voigt (2011, pp. 116-117 ) 1             ●    G 
Lasch and Gießmann (2009a, pp. 223-227) 1 ●  ●   ●   ●        L 
Kersten, Lammers and Skirde (2012, 
pp. 22-31) 1 
● ●        ●       L 
Kersten (2011, p. 17) 1 ●        ●        SC 
Brosch et al. (2011b, pp. 73-74) 1 ●              ●  VC 
Total: 11 4 4 1 1 3 1 1 6 2 1 3 3 1 1 2  
 
 
The most applied approach in scientific literature for operationalization and visualization of complexity drivers 
is the classification- or driver-matrix. Here, the complexity drivers are grouped and evaluated according to 
their influences, dependencies and effects. Based on the evaluation results, complexity drivers can be visualized 
in a portfolio-diagram to identify critical complexity drivers. 
To identify and operationalize the influences, dependencies and effects of complexity drivers, some authors use 
an influence or system analysis. Based on an influence or system analysis, further methods for visualization of 
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complexity drivers in the field of classification are the complexity vector and the cause-effect diagram, named 
Ishikawa-diagram. Compared to Ishikawa, the complexity vector is more complex and difficult. Generating 
complexity vectors, Kersten, Lammers and Skirde (2012, pp. 22-32) classify complexity drivers in the 
2 dimensions micro and macro based on their system’s influence and the results of a cluster analysis. In this 
case, the cluster analysis is applied to operationalize and classify the complexity drivers in related groups to 
increase transparency. Further methods for operationalization of complexity drivers are expert interviews, 
factor analysis, scoring methods and portfolio methods. 
Based on a system’s structure, 3 different approaches for visualization of complexity drivers are applied: 
Descriptive model, variant tree and swimlane-diagram. The descriptive model is used to describe a system’s 
complexity, whereby the drivers can be visualized. With variant trees and swimlane-diagrams, the complexity 
drivers can be organized in a hierarchical structure. Based on the evaluation of complexity drivers using scoring 
methods, the radar chart can also be applied for visualization of complexity drivers in an easy way. 
3.3.4 Complexity drivers in manufacturing companies and along the value chain 
As already mentioned, complexity drivers have an influence on companies and the total value chain (Schuh, 
2005, pp. 8-19). According to the origin, complexity can be separated in internal and external parts (Blecker, 
Kersten and Meyer, 2005, pp. 48-51; Kersten et al., 2006, pp. 326, 337; Zahn, Kapmeier and Tilebein, 2006, 
pp. 142-143), called internal and external complexity drivers. Internal and external complexity drivers are 
connected directly and induce system’s complexity (Größler, Grübner and Milling, 2006, p. 256; Grimm, 
Schuller and Wilhelmer, 2014, pp. 91-93; Belz and Schmitz, 2011, pp. 185-186; Collinson and Jay, 2012, 
pp. 7-8; Götzfried, 2013, pp. 35-38, 67-68). Consequently, internal and external complexity drivers cannot be 
separated selectively and operationalized (Schmidt, 1992, p. 14; Bohne, 1998, pp. 58-59; Schuh and Schwenk, 
2001, pp. 10-13; Götzfried, 2013, pp. 67-68). 
Bliss (1998, pp. 147-148; 2000, pp. 4-7, 65-66, 163-169) follows the categorization of internal and external com-
plexity drivers in principle, but he extends the idea and differentiates internal complexity drivers in correlated 
and autonomous complexity drivers. Correlated complexity drivers have a direct correlation to the external 
market’s complexity and are influenced by it. Autonomous complexity drivers are not influenced by external 
factors. They are determined by the company itself. In literature, 15 authors apply the differentiation of Bliss 
in their publications (see appendix Table 46). Furthermore, Curran, Elliger and Rüdiger (2008, p. 162) conclude 
that it is required to separate the complexity drivers in value adding and non-value adding drivers. Mahmood, 
Rosdi and Muhamed (2014, p. 1851) argue that “in measuring cost of complexity, the decision is to find the 
complexity driver that invested more cost, but does not contribute much to customer’s buying decision”. 
3.3.4.1 Internal complexity drivers 
Internal complexity drivers describe the company’s complexity and can be influenced actively by the company 
itself (Picot and Freudenberg, 1998, pp. 70-71; Wildemann, 1998, pp. 47-52; Bliss, 2000, pp. 4-7; Kersten, 
Koppenhagen and Meyer, 2004, p. 211; Purle, 2004, pp. 109-113; Kersten et al., 2006, pp. 326, 337; Kersten, 
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2011, p. 16; Binckebanck and Lange, 2013, p. 100; Boyksen and Kotlik, 2013, p. 48; Aelker, Bauernhansl and 
Ehm, 2013, p. 81). They occur as a result of external complexity drivers or are induced by the company itself 
(Heina, 1999, pp. 10-17; Wegehaupt, 2004, pp. 38-39; Hanenkamp, 2004, pp. 2-3; Greitemeyer and Ulrich, 2005, 
p. 2; Rudzio, Apitz and Denkena, 2006, pp. 52-53; Collinson and Jay, 2012, pp. 7-9; Lammers, 2012, 
pp. 31-35). Götzfried (2013, p. 37) argues that internal complexity is a translation of external complexity, 
which is induced exclusively by the company. Wildemann (1995, p. 22) separates internal complexity drivers 
in 3 categories: Structural, informational and individual complexity drivers. 
3.3.4.2 External complexity drivers 
External complexity drivers are factors, which influence the company’s complexity directly from outside (Höge, 
1995, pp. 16-17; Wildemann, 1995, p. 22; Wildemann, 1998, pp. 47-52; Heina, 1999, pp. 10-17; Klepsch, 2004, 
pp. 7-9; Kersten, Koppenhagen and Meyer, 2004, p. 211; Purle, 2004, pp. 114-117; Kersten et al., 2006, 
pp. 326, 337; Piller, 2006, p. 54; Gießmann and Lasch, 2011, pp. 4-6; Kersten, 2011, p. 16; Collinson and Jay, 
2012, pp. 30-32; Binckebanck and Lange, 2013, pp. 99-100; Aelker, Bauernhansl and Ehm, 2013, p. 81). Bohne 
(1998, pp. 58-59) and Klepsch (2004, pp. 7-9) describe that external complexity produces internal complexity 
as a reaction. Piller (2006, p. 130) defines external complexity as a “mirror picture” of the market’s requirements. 
Normally, external complexity drivers are constant and cannot or nearly cannot be influenced by the company 
itself, because they are not induced by the company (Picot and Freudenberg, 1998, pp. 70-71; Biersack, 2002, 
p. 54; Wegehaupt, 2004, pp. 38-39; Kersten et al., 2006, pp. 326, 337; Gießmann and Lasch, 2011, pp. 4-6; 
Kersten, 2011, p. 16; Lammers, 2012, pp. 31-35; Binckebanck and Lange, 2013, pp. 99-100; Boyksen and Kotlik, 
2013, p. 48; Götzfried, 2013, pp. 35-38, 67-68).  
To handle external complexity, companies typically respond with an unwanted increase of internal and 
accordingly non-value adding complexity (Wildemann, 1999b, pp. 31-32; Dehnen, 2004, pp. 32-33; Greitemeyer 
and Ulrich, 2005, p. 2; Piller, 2006, p. 130; Greitemeyer, Meier and Ulrich, 2008, pp. 37-38; Belz and Schmitz, 
2011, pp. 193-194; Collinson and Jay, 2012, p. 7). Größler, Grübner and Milling (2006, p. 256) argue that 
external complexity drivers force the company to build up internal complexity. 
3.3.4.3 Complexity driver’s classification system 
Managing complexity in companies requires the identification of complexity sources. Lasch and Gießmann 
(2009a, p. 200) describe that the complexity sources and their effects are various. Thus, a complete list of all 
sources cannot be specified. In literature, more than 480 different complexity drivers were found during our 
research in 223 literature parts concerning complexity drivers in manufacturing companies and along the value 
chain. For a better understanding and overview, Schöttl et al. (2014, p. 259) suggest that complexity drivers 
“have to be aggregated to a small, abstract and well-defined collection”. To increase transparency, Klagge and 
Blank (2012, pp. 6-7), Wildemann (1998, p. 48), Lasch and Gießmann (2009a, pp. 200-202; 2009b, p. 116) and 
Gießmann (2010, pp. 36-38) follow this approach and also separate their identified complexity drivers in 
different clusters according to their origin, characteristics and influences on other drivers. The framework for 
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the classification system, used in this research, is based on existing classification systems in literature provided 
by different authors. To create a superior classification system without overlaps between the different 
complexity driver categories, we analyzed and synthesized the existing systems as follows: 
In their research, Bliss (1998, pp. 147-148; 2000, pp. 4-7, 65-66, 163-169), Kirchhof (2003, pp. 39-41), 
Hasenpusch, Moos and Schwellbach (2004, p. 135), Keuper (2004, p. 83), Marti (2007, pp. 14-17), Mayer (2007, 
pp. 23-29), Lasch and Gießmann (2009a, pp. 200-202), Gießmann (2010, pp. 36-38), Gießmann and Lasch 
(2011, pp. 4-6), Schömann (2012, pp. 135-138), Götzfried (2013, pp. 35-38), Schoeneberg (2014a, pp. 16-19), 
Grimm, Schuller and Wilhelmer (2014, p. 93) and Lammers (2012, pp. 31-35) cluster complexity drivers 
according to their origin into external and internal drivers. Furthermore, they separate the internal drivers 
into internal correlated and internal autonomous complexity drivers. Schubert (2008, p. 134) argues that 
external complexity comprises complexity drivers from a market-based view and internal complexity comprises 
drivers from a resource-based view. 
In our study, we followed the already mentioned classification and divide our classification system into the 2 
main categories: Internal and external complexity drivers. Further, we also divided the internal complexity 
drivers in internal correlated and internal autonomous complexity drivers (see Figure 8). 
In literature, Keuper (2004, p. 83), Marti (2007, pp. 14-17), Lasch and Gießmann (2009a, p. 201), Gießmann 
(2010, p. 38), Gießmann and Lasch (2011, p. 5), Schoeneberg (2014a, p. 17), Grimm, Schuller and Wilhelmer 
(2014, p. 93) and Ruppert (2007, pp. 68-70) subdivide external complexity into society complexity and market 
complexity. Society complexity is determined by cultural factors (language, working hours, habit, working 
method and education), ecological factors, legal factors, standards and regulations and political factors. The 
list with all identified complexity drivers in this and all other categories, which will be mentioned, is shown in 
the appendix (see Table 47). Asan (2009, p. 37) and Serdarasan (2011, p. 794) use the term geopolitical 
complexity synonymously for society complexity. However, in literature most of the authors use the term 
society complexity, which is the reason, why we followed this nomenclature. In literature, market complexity 
is further subdivided in different subcategories. Keuper (2004, p. 83), Lasch and Gießmann (2009a, p. 201), 
Gießmann (2010, p. 38), Gießmann and Lasch (2011, p. 5), Schoeneberg (2014a, p. 17), Grimm, Schuller and 
Wilhelmer (2014, p. 93) assign the subcategories demand complexity, competitive complexity and supply 
complexity to this subcategory. Bliss (1998, p. 147; 2000, pp. 4-7), Marti (2007, pp. 14-17), Schömann (2012, 
p. 136) and Blockus (2010, pp. 16-17) follow this assignment and extend the subcategory by adding tech-
nological complexity (external). In literature, we found several single market-related complexity drivers, which 
cannot be assigned to the previously mentioned categories. Thus, we introduced a new category, called general 
market-related complexity. 
As already mentioned, in our research, we divided the main category internal complexity into the subcategories 
internal correlated and internal autonomous complexity. Bliss (2000, pp. 4-7, 65-66, 163-169), Lasch and 
Gießmann (2009a, pp. 200-202), Gießmann (2010, p. 38), Gießmann and Lasch (2011, p. 5), Schömann (2012, 
p. 137) and Marti (2007, pp. 14-17) assign the following complexity driver categories to the subcategory internal 
correlated complexity: Target complexity, customer complexity, as well as product and product portfolio com-
plexity. Keuper (2004, p. 83), Schoeneberg (2014a, p. 17) and Grimm, Schuller and Wilhelmer (2014, p. 93) 
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follow this assignment and extend the subcategory by adding technological complexity (internal). Other authors 
have added further complexity driver categories to the subcategory internal correlated complexity. However, 
these categories could not be allocated to the existing categories. Thus, they became independent categories 
within the subcategory internal correlated complexity. Bayer (2010, p. 17), Dehnen (2004, pp. 32-35), Kim and 
Wilemon (2003, p. 20) and Wildemann and Voigt (2011, p. 70) add the category product development 
complexity and Bayer (2010, p. 17), Blockus (2010, pp. 16-22) and Nurcahya (2009, p. 29) add the category 
supply process complexity to the mentioned subcategory. The subcategory internal correlated complexity is 
completed by adding the categories service complexity and remanufacturing complexity. Service complexity is 
added by Schmidt (2009, pp. 91-92), Collinson and Jay (2012, p. 32) and Dalhöfer (2009, p. 25). 
Remanufacturing complexity is added by Bayer (2010, p. 17), Haumann et al. (2012, pp. 107-108, 111), 
Steinhilper et al. (2012, pp. 360-361, 364), Seifert et al. (2013, p. 650) and Butzer et al. (2014, pp. 366-369). In 
summary, the subcategory internal correlated complexity comprises 8 complexity driver categories: Target 
complexity, customer complexity, product and product portfolio complexity, technological complexity 
(internal), product development complexity, supply process complexity, service complexity and remanu-
facturing complexity. 
In the next step, the subcategory internal autonomous complexity is defined. Lasch and Gießmann (2009a, 
p. 201), Gießmann (2010, p. 38), Gießmann and Lasch (2011, p. 5), Schoeneberg (2014a, p. 17), Grimm, Schuller 
and Wilhelmer (2014, p. 93) and Schömann (2012, pp. 137-138) assign the categories organizational complexity 
and process complexity to the subcategory internal autonomous complexity. Lasch and Gießmann (2009a, 
p. 201), Gießmann (2010, p. 38), Gießmann and Lasch (2011, p. 5) and Schoeneberg (2014a, p. 17) extend the 
subcategory by the category structure complexity. However, several authors, such as Asan (2009, p. 37), 
Serdarasan (2011, p. 794), Reiß (1993a, pp. 3, 9), Blockus (2010, pp. 16-22), Wildemann and Voigt (2011, 
p. 70), Höge (1995, p. 6), Blecker, Kersten and Meyer (2005, p. 49), Kersten et al. (2006, p. 328), Schubert 
(2008, pp. 134-136), Collinson and Jay (2012, pp. 31-32), Schuh, Gartzen and Wagner (2015, p. 4), Götzfried 
(2013, pp. 35-38), Ruppert (2007, p. 69), Schulte (1995, pp. 758-761), Lindemann, Maurer and Braun (2009, 
p. 27) and Größler, Grübner and Milling (2006, p. 257) include structural complexity drivers in the category 
organizational complexity. To avoid overlaps in our classification system, we also assigned structural 
complexity drivers to the category organizational complexity. Other important categories, which are added to 
the subcategory internal autonomous complexity are the categories production complexity and planning, 
control and information complexity. In literature, production complexity is defined by Bliss (1998, 
pp. 147-148; 2000, pp. 4-7), Bayer (2010, p. 17), Mayer (2007, p. 24), Keuper (2004, pp. 84-85), Gießmann and 
Lasch (2011, p. 5), Lasch and Gießmann (2009a, p. 201), Schömann (2012, pp. 137-138), Blockus (2010, 
pp. 16-22), Marti (2007, pp. 14-17), Klepsch (2004, p. 8), Pepels (2003, p. 551), Ruppert (2007, p. 69), Gronau 
and Lindemann (2009, pp. 21-22), Westphal (2000, p. 19), Jäger et al. (2013, p. 341), Götzfried (2013, 
pp. 35-38), Schulte (1992, pp. 84-86) and Schmidt (2009, pp. 91-92). The category planning, control and 
information complexity is defined by Keuper (2004, p. 86), Mayer (2007, p. 24), Gießmann and Lasch (2011, 
p. 5), Lasch and Gießmann (2009a, p. 201), Schömann (2012, pp. 137-138), Schoeneberg (2014a, p. 17), Ruppert 
(2007, p. 69), Klagge and Blank (2012, pp. 6-7), Jäger et al. (2013, p. 341), Gullander et al. (2011, p. 4), 
Grimm, Schuller and Wilhelmer (2014, p. 93) and Herrmann (2010, p. 79). Furthermore, the categories resource 
complexity, defined by Höge (1995, p. 6), Reiners and Sasse (1999, pp. 222, 224) and Bohne (1998, p. 61), 
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logistics complexity, defined by Klagge and Blank (2012, pp. 6-7), and sales and distribution complexity, 
defined by Bayer (2010, p. 17) and Klepsch (2004, p. 8), are added to the subcategory internal autonomous 
complexity. In total, the subcategory internal autonomous complexity comprises 7 complexity driver categories: 
Organizational complexity, process complexity, production complexity, planning, control and information 
complexity, resource complexity, logistics complexity and sales and distribution complexity. 
As already mentioned, complexity drivers are separated according to their origin into external and internal 
complexity drivers. In literature, a further superior classification system exists. Denk and Pfneissl (2009, p. 21) 
separate the complexity drivers in 2 main groups: General complexity drivers (e.g. transparency, uncertainty, 
etc.) and precise complexity drivers (e.g. organizational complexity, process complexity, technological 
complexity etc.). General complexity drivers are also referred to by Mayer (2007, pp. 23-29), Reiß (1993a, 
pp. 3, 9; 1993b, p. 54), Berens and Schmitting (1998, p. 98), Herrmann (2010, p. 79), Gronau and Lindemann 
(2009, p. 22), Kolbusa (2013a, pp. 85-86; 2013b, pp. 89-92), Schmitt, Vorspel-Rüter and Wienholdt (2010, 
pp. 843-844), Kersten et al. (2006, p. 328), Blecker, Kersten and Meyer (2005, p. 49), Bick and Drexl-Wittbecker 
(2008, pp. 30-31) and Waldthausen (2007, pp. 4-5). Thus, we included a third main complexity category, called 
general complexity in our classification system. The total classification system is shown in Figure 8. 
 

























































68 3  Complexity drivers in manufacturing companies: A literature review 
 
After defining the superior complexity driver classification system, we assigned the complexity drivers, found 
in literature, to these previously defined main groups and categories. According to literature, we clustered the 
identified complexity drivers (more than 480) as follows:  
■ 3 main groups (external complexity, internal complexity and general complexity) 
■ 4 subcategories (society complexity, market complexity, internal correlated complexity and internal auto-
nomous complexity) and  
■ 22 main complexity driver categories (society, general market-related, demand, competitive, supply, 
technological external, target, customer, product & product portfolio, technological internal, product 
development, supply process, service, remanufacturing, organizational, process, production, planning, 
control & information, resource, logistics, sales & distribution, general complexity), depending on their 
origin, characteristics and influences on other drivers. The subcategory society complexity and the main 
group general complexity are also added to the 22 main complexity driver categories, because they cannot 
be further subdivided into different driver categories. Thus, we added the identified single complexity 
drivers directly to these 2 categories. 
For complexity driver’s clustering, we analyzed all identified drivers and summarized them according to their 
context and similarities in a superior complexity driver category. As already mentioned, this framework is 
based on literature. For example, in the category ‘society complexity’, we identified the following 7 single 
complexity drivers and aggregated them to the mentioned superior category: Social framework, social 
requirements, social change, social behavior, cultural framework, cultural factors (language, working hours, 
habit, working method, education) and cultural differences. In the category ‘technological complexity 
(external)’, we identified the following 9 single complexity drivers, which were also aggregated to the mentioned 
superior category: Technological progress, technological change, different technological standards, technological 
innovations, technological intensity, technological dynamics, new technologies and materials, combination of 
different technologies and technology integration. In the main group ‘general complexity’, we aggregated all 
complexity drivers, which cannot be assigned to the other 2 main groups and 4 subcategories. In the main 
group ‘general complexity’, we assigned 28 single complexity drivers, such as stability, instability, perception, 
time, costs, quality, flexibility, cost effectiveness, transparency etc. For the other complexity driver categories, 
we performed the clustering process analogously. Figure 9 presents the clustered 22 main complexity driver 
categories and their occurrence in literature in all fields (general in manufacturing companies and along the 
value chain). Table 47 in the appendix shows the different complexity drivers in each category and group. 
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Figure 9: Overview about complexity driver’s clustering and their occurrence in literature 
To answer the third research question, we separated the data from Figure 9 into the different fields ‘general in 
manufacturing companies’ and ‘along the value chain’. As a result of Table 12, some fields are influenced by 
more complexity drivers than other fields. The amount of complexity drivers in a system reflects the level of 
difficulty in managing a system’s complexity, because complexity drivers have a high influence on a system’s 
complexity. Complexity drivers are strictly connected with their category. For a target-oriented complexity 
management, it is necessary to handle all complexity drivers in a certain category of a specific system. Overall, 
it can be summarized that system’s complexity is influenced by the complexity driver categories. For example, 
the field production is influenced by 15 complexity driver categories while remanufacturing is influenced by 7 
complexity driver categories. Thus, the implementation of a target-oriented complexity management in the 






















































































































































































































































































































































All Fields External complexity drivers
Internal correlated complexity drivers
Internal autonomous complexity drivers
General complexity drivers
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Table 12: Overview of the main complexity drivers in particular fields and 




























































































































































Origin Complexity driver category [N: 22] 
External 
complexity 
Society complexity 25 56 6 1 12 6 10 9 0 1 101 
General market-related complexity 18 53 5 2 10 5 7 9 0 4 95 
Demand complexity 7 59 3 2 12 6 7 15 4 4 112 
Competitive complexity 9 35 5 0 6 2 6 5 4 0 63 
Supply complexity 19 31 0 3 9 4 4 11 3 0 65 




Target complexity 7 12 3 1 4 0 1 0 0 0 21 
Customer complexity 10 50 1 1 7 2 8 8 2 0 79 
Product & Product portfolio complexity 43 133 18 6 21 26 14 27 8 6 259 
Technological complexity (internal) 15 15 7 1 4 2 1 2 3 0 35 
Product development complexity 8 8 4 0 0 4 1 0 0 1 18 
Supply process complexity 7 3 0 1 1 1 1 2 0 0 9 
Service complexity 3 4 0 1 0 0 1 0 0 0 6 




Organizational complexity 105 142 17 7 22 27 32 29 6 2 284 
Process complexity 25 39 7 3 7 14 6 9 0 1 86 
Production complexity 39 39 4 2 8 19 3 11 1 0 87 
Planning, control & information complexity 41 38 4 0 10 6 7 7 0 0 72 
Resource complexity 9 8 1 0 1 1 1 1 0 0 13 
Logistics complexity 17 2 1 1 5 5 3 9 0 0 26 
Sales & Distribution complexity 40 18 3 0 3 1 9 4 0 2 40 
General General complexity 28 48 1 4 2 8 0 7 1 1 72 
Total amount of complexity driver’s literature occurrence 486 824 94 36 147 140 124 168 32 23  
Influenced by… complexity driver categories 22 18 15 19 19 20 18 9 10  
 
As also seen in Table 12, market complexity, product and product portfolio complexity and organizational 
complexity are complexity driver categories that influence all fields in manufacturing companies. Thus, these 
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categories are the most important in the company and must be managed first for a target-oriented complexity 
management. Another important category, which has an influence on many fields in the company, is society 
complexity. This category must also be managed for a target-oriented complexity management. Furthermore, 
all fields are influenced by internal and external complexity driver categories. However, the different fields are 
mostly influenced by internal driver categories, which can be influenced actively by the company itself. When 
investigating the different fields, it can be seen that the fields general in manufacturing companies, logistics, 
production, order processing/distribution/sale and internal supply chain are mostly influenced by internal 
autonomous complexity driver categories. Internal autonomous complexity driver categories are not influenced 
by external factors and are determined by the company itself. In contrast, the field remanufacturing is 
influenced mostly by internal correlated complexity driver categories. The internal correlated complexity driver 
categories have a direct correlation to company’s environment (e.g. market and society) and are influenced by 
it. The fields product development, procurement/purchasing and general in value chain are influenced almost 
to the same extend by internal correlated, as well as internal autonomous complexity driver categories. 
In the next step, we tried to identify the main complexity driver categories in the referred fields. In literature, 
the following approaches are applied to identify the most important factors among many factors: Factor 
analysis (Backhaus et al., 2011, pp. 330-335; Brosius, 2013, p. 789), factor screening (Kleijnen, 2009, 
pp. 153-162), DoE - design of experiments (Siebertz, Bebber and Hochkirchen, 2010) and Pareto-analysis 
(Kirsch, 2009, p. 218). The factor analysis is a statistical method and used for data reduction in empirical 
researches or experiments. The aim is to get a small set of variables from a large set of variables to identify 
the most important factors (Backhaus et al., 2011, pp. 330-335; Brosius, 2013, p. 789). Kleijnen (2009, p. 153) 
uses the factor screening method in simulation experiments to identify the most important factors. “Factor 
screening […] means that the analysts are searching for the most important factors among the many factors 
that can be varied in their experiment” (Kleijnen, 2009, p. 153). For screening, Kleijnen (2009, pp. 155-157) 
uses different screening designs to treat the simulation model as a black box. Another method to identify 
variables, which have the most influence on other variables or parameters in an experiment, is the design of 
experiments (DoE). The DoE is normally used for the development and optimization of products and processes 
(Siebertz, Bebber and Hochkirchen, 2010). Another approach for identification and separation of the most 
important factors among many factors is the Pareto-analysis. The Pareto-principle describes that 80% of the 
effects come from 20% of the causes (Kirsch, 2009, p. 218). All of the mentioned principles can be used to 
identify the most important factors, variables or inputs. However, none of these approaches were applicable to 
identify the main complexity driver categories in our opinion. The approaches factor analysis, factor screening 
and design of experiments are based on experiments, whereas the Pareto-principle can be used more generally 
without experiments. The Pareto-principle is based on causes and effects. Transferred to our research, the 
cause would be the number of a complexity driver’s categories appearance in literature and the effect would be 
the importance of the specific category. Since it would be naive to derive the importance of a specific complexity 
driver’s category from its number of appearances in literature, this principle also was not applicable. Further 
research is necessary to identify an approach for analyzing and identifying important complexity driver 
categories. 
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3.4 Conclusion and outlook 
Before starting our research, we reviewed the literature and searched for existing literature studies about 
complexity drivers and gaps in literature. As a result of our literature search, we identified 4 literature studies 
about complexity drivers, which have been done by Meyer (2007, pp. 182-183), Serdarasan (2011, pp. 793-795; 
2013, pp. 534-535) and Wildemann and Voigt (2011, pp. 44-52, 63-72, 113-170). After identification, the 
previous literature studies were analyzed and evaluated based on the following 11 criteria (see also Table 5): 
Type of literature study, focus, research period, amount of identified literature sources, complexity driver’s 
definition, described complexity drivers and complexity driver’s categories, determination of research questions, 
databases, search terms and synthesizing methods, comparison of literature findings with other literature 
sources or empirical research data. 
The existing studies comprise several literature sources in the period between 1991 and 2011. However, a 
systematic, explicit and reproducible method for literature’s identification, evaluation and synthesizing is not 
described. To describe the current state of knowledge in a particular field of research, it is essential to determine 
the research questions, databases, search terms, the synthesizing methods, as well as to compare the findings 
with other literature sources. Only Wildemann and Voigt (2011, pp. 44-52, 63-72) and Serdarasan (2013, pp. 
534-535) compare their findings with the findings of other literature sources. Another important criteria for 
the scientific research is the specification of the different literature sources about complexity drivers, the trends 
in literature over the last years and the gaps in literature for future research. These requirements are not 
fulfilled in the previous literature studies. Furthermore, only the fields logistics, supply chain and general in 
manufacturing companies are described. In literature, an overview regarding complexity drivers general in 
manufacturing companies and in all parts along the value chain does not exist so far. Another deficit in the 
existing studies is that they present only 1 definition of complexity drivers. In our opinion, different definitions 
of complexity drivers should be analyzed, compared and discussed to identify all characteristics of complexity 
drivers. In the already mentioned studies, no approaches for identification and operationalization are described. 
Only 1 method for complexity driver’s visualization is described by Wildemann and Voigt (2011, pp. 116-117). 
For the researcher, it is important to know, what a complexity driver is and what approaches can be applied 
for complexity driver’s identification, operationalization and visualization. Our purpose is to provide an 
overview about different definitions and methods for complexity driver’s identification, operationalization and 
visualization for closing these research gaps. In addition, we develop a new overall definition of complexity 
drivers to summarize all characteristics.  
To provide this literature review and to fulfill all requirements, we used the methodology of Fink (2014, pp. 3-
5). The research method is described in section 3.2. First, we started our research process by defining our 
research questions, which guide the literature review. The search term was defined by finding the lowest 
common denominator of the many different paraphrases of the term complexity driver that exist in literature. 
Then, we defined our databases. For our research, we defined our search terms in English and German to 
extend the results and to prevent the elimination of important articles. The literature search was performed in 
8 English and German databases and resulted in 11.425 literature sources. For analyzing and synthesizing the 
literature, we followed the approach of the qualitative content analysis. The synthesizing process finally resulted 
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in 235 relevant papers in the time period between 1991 and 2015. Before 1991, no relevant literature sources 
concerning the issue complexity drivers were found in our research. The reasons could be attributed to 
complexity management’s evolution over the last 25 years and the principal definition and understanding of 
the term “complexity driver”. Analyzing the overall trend of the literature regarding complexity drivers in 
manufacturing companies and along the value chain shows an increased interest throughout the last 10 years 
(see Figure 6). Between 2004 and 2015, 74% of all publications were published. More than 50% of all the 
publications about complexity drivers were published in journals and PhD theses. Thus, complexity drivers 
have a high importance in scientific research. In our research, we found out that 212 papers describe specific 
complexity drivers in manufacturing companies and along the value chain. After analyzing and synthesizing 
these papers, we identified 223 different literature parts concerned with complexity drivers in the 2 categories 
manufacturing companies (108 parts) and along the value chain (115 parts). In literature, 11 papers describe 
both parts. The trends of the 2 categories during the last 25 years show that there is an increasing interest in 
complexity drivers along the value chain in scientific literature in the last 10 years (see Figure 7). However, 
most publications with focus on general in manufacturing companies were published between the years 1998 
and 2010. A comparison between these trends shows that complexity drivers are now described more in detail 
regarding different parts along the value chain. This indicates that complexity drivers gain more and more 
importance for scientific research. In the next step, the data from the category complexity drivers along the 
value chain was separated in the following 8 different fields and analyzed: Product Development (PD), 
Procurement/Purchasing (PC), Logistics (L), Production (PR), Order Processing/Distribution/Sale (OPD), 
Internal Supply Chain (SC), Remanufacturing (R) and General in Value Chain (VC). The analysis shows that 
the amount of publications about complexity drivers in all 8 different fields has increased over the last 10 years. 
This chapter describes a variety of definitions and methods for identification, operationalization and visuali-
zation of complexity drivers. Within the last decades, complexity has increased continuously in many industries, 
caused by internal and external sources, called complexity drivers. Identifying, analyzing and understanding 
complexity drivers are the first steps in developing and implementing a clear strategy to handle complexity in 
the company. For an effective complexity management, it is necessary to know the key drivers of complexity 
in a system, because they are the main adjusting levers for company’s success. Furthermore, managing a 
system’s complexity requires an optimum fit between internal and external complexity. Thus, complexity 
drivers play a significant role for complexity management and are a strategic issue for companies to be 
competitive.  
For this literature review, we determined 3 research questions, which were answered as follows. Before 
identification, it is necessary to understand, what a complexity driver is (Meyer, 2007, pp. 21-29; Kolbusa, 
2013a, p. 83). To answer the first research question, the identified literature was analyzed and synthesized. 
The researched literature contains several different definitions of complexity drivers, defined by 36 authors. 
Based on their content, the definitions can be assigned to 5 main categories: Factors, indicators, sources, 
parameters/variables and symptoms/phenomenon. As a result, there is no universal understanding of the term 
“complexity driver”, but the identified definitions tend towards similar definitions. To generate a general 
definition of complexity drivers, we analyzed the existing definitions by identifying their hypernyms and 
differentia. Several different hypernyms for the genus term complexity driver exist in literature, but we came 
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to the conclusion that only the term factor covers the general understanding of a complexity driver in total. 
Then, the existing differentia, found in literature, were clustered into 5 groups based on their commonalities 
and differences. Based on the 5 groups of differentia and in combination with the hypernym term factor, we 
generated a more general definition of complexity driver. 
A specific and target-oriented complexity management is based on identification, visualization and 
operationalization of system’s complexity drivers. In literature, several different methods for identification, 
operationalization and visualization of complexity drivers are applied (see Table 10 and Table 11). Based on 
this literature review and to answer the second research question, 21 different approaches were identified in 
literature for complexity driver’s identification, which were focused on different fields. The most applied 
approaches are expert interviews, process analysis and system analysis. We did not conduct an evaluation of 
all existing approaches regarding their practical uses. Our purpose was to reflect the different approaches, 
found in literature. We identified 8 different approaches for operationalization and visualization of complexity 
drivers in the existing literature. However, a clear assignment of the different approaches to operationalize and 
visualize complexity drivers was not possible in all cases. As a result, the most applied approach in both areas 
is the classification- and driver-matrix. Further research to eliminate this lack of definition is needed, as well 
as an evaluation of the existing approaches’ practical application.   
Complexity drivers have a direct influence on the company and the value chain. Complexity drivers can be 
separated in internal and external drivers, depending on their origin. Internal complexity drivers can also be 
differentiated in correlated and autonomous complexity drivers. In literature, more than 480 different internal 
and external complexity drivers were found during our research in 223 literature parts concerning complexity 
drivers in manufacturing companies and along the value chain. For clustering the 486 complexity drivers, we 
developed a superior classification system without overlaps between the different complexity driver categories 
based on existing classification systems in literature, provided by different authors. In summary, our new 
classification system consists of 3 main groups (external complexity, internal complexity and general 
complexity), 4 subcategories (society complexity, market complexity, internal correlated complexity and 
internal autonomous complexity) and 22 main complexity driver categories depending on their origin, 
characteristics and influences on other drivers (see Figure 8). The identified 486 complexity drivers were 
clustered into these complexity driver categories and groups. The assignment to the different categories and 
groups was done depending on complexity driver’s origin, characteristics and influences on other drivers. Figure 
9 presents an overview about the complexity driver categories and their occurrence in literature. The third 
research question was answered by means of analyzing the identified literature and synthesizing the complexity 
driver categories in the referred fields (see Table 12). The basis for synthesizing the categories can be found in 
Figure 8. 
In summary, our new literature review covers complexity drivers in manufacturing companies and along the 
value chain over a period of 25 years (1991-2015). It fulfills all requirements in total (see Table 13) and closes 
the gap in literature.   
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Table 13: Evaluation of our new literature review about complexity drivers in 



















Type of literature study Overview Review Overview Review Review 
Focus 
General in manufacturing companies ●  ●  ● 
Product Development     ● 
Procurement/Purchasing     ● 
Logistics ●    ● 
Production     ● 
Order Processing/Distribution/Sale     ● 
Internal Supply Chain  ●  ● ● 
Remanufacturing     ● 
General in Value Chain     ● 
Research period 1992 - 2004 1998 - 2011 1991 - 2010 1992 - 2011 1991 - 2015 
Literature review’s 
results: 
Amount of ... 
Identified literature sources 19 25 17 38 235 
Complexity driver’s definitions 1 1 1 1 18+1 
Described complexity drivers 127 27 95 32 486 
Complexity driver categories 14 3 11 9 22 
Determination  
of …  
by the author(s) 
Research questions - - - - + + 
databases - - - - + + 
Search terms - - - - + + 




Other literature sources - - + + + + + + 
Empirical research data - - + + - 
Future 
Research 
Evaluation criteria:     
 fulfilled (+ +) Precise research questions, databases, search terms and synthesizing methods are described. 
  The literature findings are compared with other literature sources or empirical research data.    
 not fulfilled (-) Precise research questions, databases, search terms and synthesizing methods are not described. 
  The literature findings are not compared with other literature sources or empirical research data. 
 
In total, 235 literature sources are identified and more than 480 complexity drivers are described and clustered 
in 39 categories. The research method, including the research questions, databases, search terms and 
synthesizing methods, as well as the results and the trends of complexity drivers in literature and in the 
different fields over the last 25 years are also described. We compare our results with the findings of previously 
published literature. Gaps for future research are pointed out.  
Furthermore, a new definition of the term “complexity driver” is specified based on the existing definitions by 
identifying a general hypernym and clustering existing differentia. Different methods that are applied in 
literature for complexity driver’s identification, evaluation and visualization are described and give the reader 
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a general overview. A new classification system was developed and the complexity driver categories and their 
complexity drivers general in manufacturing companies and along the value chain are pointed out (see appendix 
Table 47).  
The review was focused only on the manufacturing industry. Future research may also include other sectors or 
industries, such as financing and/or insurance. It would also be interesting to compare the research results 
from other sectors with the results of this research. In addition, the findings of this chapter should be evaluated 
regarding their impact and relevance on practice by an empirical research analogously to the empirical research 
done by Wildemann and Voigt (2011, pp. 113-170). Further, the different approaches for complexity driver’s 
identification, operationalization and visualization should be evaluated by the practice within an empirical 
research according to the following 3 categories: Amount of work, data volume and level of difficulty. Also, the 
different approaches should be evaluated regarding their specific fields of application. This information could 
encourage the user to find the right approach for his/her specific field of interest. Further research may also 
include finding an approach to identify and analyze the most important complexity driver’s categories. As 
already mentioned, further research will be needed to create helpful advice for practitioners to detect complexity 
issues and to present methodological support to detect complexity causes and their effects. 
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4 Complexity drivers in product 
development: A comparison between 
literature and empirical research 
4.1 Introduction 
“I think the next (21st) century will be the century of complexity” (Hawking, 2000, p. 29). This statement by 
Stephen W. Hawking (2000, p. 29) from the year 2000 describes the current situation in science and practice. 
Maguire, Allen and McKelvey (2011, p. 1) describe that “complexity is one of the fastest growing topics” in 
scientific research. In practice, the same situation can be observed. Complexity in manufacturing companies 
and especially in product development has continuously increased in many industries within the last years 
(ElMaraghy et al., 2012, pp. 793-797; Krause, Franke and Gausemeier, 2007, pp. 3-4; Lübke, 2007, pp. 2-4; 
Wildemann, 2005, p. 34; Schuh, Arnoscht and Rudolf, 2010, p. 1928). The reasons are social, market-specific, 
technological and economical changes, such as more and more demanding customers, market’s globalization, 
dynamic market environment, technology innovations and uncertainty. Manufacturing companies have to face 
these trends and cannot escape (Miragliotta, Perona and Portioli-Staudacher, 2002, p. 382; Mohr, Sengupta 
and Slater, 2010, pp. 1-5, 9-21; Perona and Miragliotta, 2004, p. 103; Voigt et al., 2011, p. 1). Increasing global 
competition and customer’s individual needs force companies to offer a diversified product portfolio in the 
market, by developing different product variants (Anderson, 2006, pp. 1-26; Caridi, Pero and Sianesi, 2009, 
pp. 381-382; ElMaraghy and ElMaraghy, 2014, pp. 1-2; Haumann et al., 2012, pp. 107-108; Cimatti and Tani, 
2009, p. 1229). A diversified product portfolio with many different product variants causes an increase in 
complexity (Brosch and Krause, 2011, p. 1), especially in products and in processes (Beinhocker, 2007, 
pp. 4-5). Other reasons for increasing complexity in product development are the increasing number of product 
launches in the market, shorter product lifecycles and customer’s demands for new and innovative products 
(Caridi, Pero and Sianesi, 2009, p. 381). According to Schaefer (1999, p. 311) and Chapman and Hyland (2004, 
p. 553), product development and innovation are important key factors for business success. For company’s 
strategy, product development became a central importance (Clark and Fujimoto, 1991, pp. 1-15; Davila, 2000, 
p. 383; Gupta and Wilemon, 1990, p. 24). Increasing complexity is one of the biggest tasks that manufacturing 
companies have to face and to handle today (ElMaraghy et al., 2012, p. 793). According to Warnecke and Puhl 
(1997, pp. 359-362), company’s complexity can only be managed if it is identified. Thus, complexity 
understanding becomes more and more important in manufacturing companies (Isik, 2010, p. 3683). 
According to Warnecke (2010, p. 639), complexity can be seen as a phenomenon and evolutionary process, 
which is challenging, especially for science and engineering. Complexity is intensified through innovations in 
products and processes (Warnecke, 2010, p. 639). In scientific research, there is no general understanding, as 
well as an explicit, universal and widely accepted definition of the term “complexity” (Brosch and Krause, 2011, 
p. 2; ElMaraghy et al., 2012, p. 794; Riedl, 2000, pp. 3-7). Complexity is “in the eye of the beholder” (Meijer, 
2006, p. 1) and depends on individual’s experience and knowledge (Dörner, 2001, pp. 58-62). The origin of the 
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term complexity comes from the Latin words “complexus” and “complecti”, which means “extensive, interrelated, 
confusing, entwined or twisted together” (ElMaraghy et al., 2012, p. 794; Gießmann, 2010, p. 30; Grübner, 
2007, pp. 40-41; Pfeifer et al., 1989, p. 889). The term “complexity” is therefore often used synonymously with 
the term “complicated” (ElMaraghy et al., 2012, pp. 794-795; Gießmann, 2010, p. 30), but the terms have 
specific characteristics and different meanings.  
Within a company, product development is one of the most complex tasks and uncertain processes (Bick and 
Drexl-Wittbecker, 2008, p. 20; Davila, 2000, p. 386) and has the biggest influence on a company’s complexity 
(Krause, Franke and Gausemeier, 2007, pp. 3-15). For a new global economy’s success, product development 
is the core process according to Ragatz, Handfield and Petersen (2002, p. 390). Product development’s objective 
is “to translate an idea into a tangible physical asset” (Davila, 2000, p. 385). The time for product development 
of industrial goods has strongly decreased during the last years due to increasing globalization, customer’s 
behavioral change and hardly predictable market fluctuations (Krause, Franke and Gausemeier, 2007, p. 89). 
Product development process is often the longest part of bringing a product to market (Govil and Proth, 2002, 
p. 103) and is confronted with several factors, such as demand variety, uncertain objectives, dynamics, high 
time pressure and restricted resources (Wildemann, 2012, p. 202). Generally, complexity in product develop-
ment comes from a variety of internal and external sources (Dehnen, 2004, pp. 32-35), called complexity drivers. 
Complexity drivers play a significant role in complexity management. They describe the complexity in a system 
and help to evaluate and handle it (Vogel and Lasch, 2016, p. 2). For managing a system’s complexity, an 
optimum fit between internal and external complexity is needed (Schuh, 2005, p. 43; Vogel and Lasch, 2015, 
p. 116). The management of complexity is a strategic issue for companies to be competitive (Miragliotta, 
Perona and Portioli-Staudacher, 2002, p. 383). For an effective and target-oriented complexity management, 
information is needed (Davila, 2000, pp. 386-387). 
Based on scientific research, information can be gathered by conducting literature research or empirical studies. 
To verify existing knowledge or theories and to identify commonalities and differences, the results from 
literature and the real world are compared. In literature, several empirical studies regarding complexity 
management in various fields of industry and regions/countries already exist. They are focused on different 
fields in the company and along the value chain and were conducted in the time period between 1999 and 2015 
(see subsection 4.2.3). There are also empirical studies regarding complexity management in the field product 
development and have been done by Li et al. (2005, pp. 2577-2579, 2583-2584), Kim and Wilemon (2009, 
pp. 547-550), Newman (2009, p. 2), Chronéer and Bergquist (2012, pp. 21-26), Kim and Wilemon (2012, 
pp. 1, 4-6) and Grussenmeyer and Blecker (2013, p. 140). The data collection was conducted in China, the 
United States of America, Sweden, Italy and Germany and in 14 different fields of industry (e.g. engineering, 
electrical, medical, chemical & pharmaceutical, clothing, etc.). Based on these studies, the impact of 
environmental complexity and the choice of management control systems and their effects on product 
development and their processes are investigated. Furthermore, the sources, which cause complexity and the 
consequences when complexity arises in new product development and especially in development projects, are 
identified and analyzed to increase transparency and understanding for an effective complexity management. 
In addition, the complexity level in new product development is analyzed and the question of how complexity 
can be reduced through standardization and modularization is discussed. 
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For an effective complexity management, it is necessary to identify the complexity sources, called complexity 
drivers and their effects first (Vogel and Lasch, 2016, p. 33). None of the previous empirical studies regarding 
complexity management in product development is concerned with the identification and analysis of complexity 
drivers and their effects. Furthermore, no comparison between the empirical findings and literature has been 
done in the previous empirical studies.  
The purpose of this chapter is to close this research gap by providing an empirical research regarding complexity 
drivers and their effects to verify scientific findings and to compare the literature and the empirical results to 
identify similarities and differences. The perception between science and practice and their discrepancy is 
described and processed. A further contribution of this empirical study is to develop additional knowledge 
(scientific based – practice driven) according to complexity in product development for science and practice 
within a systematical and target-oriented data collection and the succeeding comparison of literature with the 
empirical results. 
From scientific perspective, this empirical research establishes a connection between scientific research and the 
real world by answering the research questions (see section 4.2) within the systematically collected empirical 
data. It closes a currently existing gap in scientific literature by comparing the literature and empirical results 
to identify similarities and differences and to verify scientific findings. In addition to the comparison between 
the theoretical and the empirical results, the theoretical findings can also be confirmed, advanced or progressed 
within this empirical research. This study presents a theoretical overview about complexity drivers in product 
development and the existing empirical researches and gives the researcher an overview about what is already 
known in practice about these issues and practice’s tendencies (empirical findings). Furthermore, the researcher 
gains some detailed information about the research and data collection methodology, the objectives and the 
sample description to increase transparency. This enables the researcher to reproduce the findings. Based on 
this study, researchers can build new ideas, theories and hypotheses for their own research. Within this research, 
the gaps for future research are pointed out. 
From practical perspective, this empirical study gives the practitioner an overview about complexity perception 
in product development by other practitioners. Furthermore, the practitioner receives a differentiated overview 
of complexity in product development, which is perceived in different fields of industry. This study also answers 
the following manager’s questions “What complexity sources (drivers) have a high influence on product 
development’s complexity and thus are relevant for the company?” and “What effects does high complexity 
within the company have on product development?”, by providing an overview about the main and relevant 
complexity drivers, which were assigned by the respondents with a strong or very strong influence on product 
development’s complexity. Beyond, the practitioner gets an overview about the main topics and properties in 
product development with high complexity, which have a strong or very strong influence on product 
development’s performance as said so by the respondents. This overview can increase transparency for the 
practitioner. 
As already mentioned, different complexity drivers, focused on product development, are described in literature 
by several authors. To compare literature’s findings with the practice, this empirical research was conducted. 
This research is structured as follows: In section 4.2, a literature overview about the complexity drivers in 
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product development and their effects on company’s complexity is given. Furthermore, an overview of existing 
empirical researches in the field of complexity management is described. The research methodology and 
objectives, questionnaire’s design, as well as the data collection methodology and sample description are 
presented in section 4.3. The empirical findings are described in section 4.4. Furthermore, the results are 
compared with literature to identify commonalities and differences. Section 4.5 concludes the chapter with 
implications for future research and presents research’s limitations. 
4.2 Literature review 
4.2.1 Research methodology and boundary definition 
This research’s purpose is to compare literature’s findings regarding specific complexity drivers and their effects 
on company’s complexity, especially in product development, with the real world to increase transparency and 
knowledge for science and practice by identifying similarities and differences. Furthermore, an overview about 
existing empirical studies in the field complexity management is presented. The empirical study was conducted 
in the manufacturing industry of Germany. 
Before starting an empirical research, the existing literature regarding the complexity drivers and their effects, 
as well as the previous empirical studies must be reviewed. The following subsection presents a literature review 
about these 3 issues. For this literature review, we used the methodology of Fink (2014, pp. 3-5) and defined 
2 research questions: 
■ RQ 1:  What complexity drivers currently occur in the field product development in manufacturing com-
  panies in scientific literature? What effects do complexity drivers generally have on company’s 
  complexity? 
■ RQ 2:  What empirical studies in the field complexity management currently exist in scientific literature? 
  What objectives do they have and what research methodologies are applied? What empirical 
  studies concern with specific complexity drivers and their effects? 
Next, we defined the search terms and databases by following the methodology of Vogel and Lasch (2016, 
pp. 4-5) and Vogel (2017, pp. 94-95). The search terms are formulated based on the research questions. For 
search terms’ formulation, we used a particular grammar and logic and combined the key words with specific 
Boolean operators (AND, OR and NEAR) analogously. The finalized search terms are created through an 
iterative process in order to identify all important literature sources. To extend the amount of relevant 
literature, the literature search was performed in English- and German-language literature and 8 different 
databases, which are specialized in science and economics: EBSCOhost, Emerald, GENIOS/WISO, Google 
Scholar, IEEE Xplore, JSTOR, ScienceDirect and SpringerLink. Most of the databases are connected with 
other databases. For example, EBSCOhost and Google Scholar are connected with the databases Emerald, 
IEEE Xplore, ScienceDirect and SpringerLink. Since we want to compare our empirical findings with the 
existing literature in the same time period, the time period of our literature research was restricted between 
1900/01/01 and 2015/12/31, because our empirical study was performed in the years 2015 and 2016. The 
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literature search resulted in a certain amount of literature sources (complexity drivers and their effects: 911 
literature sources; previous empirical studies in the field complexity management: 26,699 literature sources) 
and comprises research papers from journals, conference proceedings, books, essays and PhD theses. Several 
literature sources were found more than once. 
Answering the first and second research question, the existing literature was analyzed, evaluated and 
synthesized based on the research questions by using qualitative data analysis techniques to identify the 
relevant literature sources. Literature research always accumulates many publications, but only a few are 
relevant for scientific research (Fink, 2014, p. 5). Synthesizing the results of the literature research is therefore 
necessary to identify the relevant literature sources. For the qualitative data analysis, we used the methodology 
of Vogel and Lasch (2016, pp. 6-7), which is described in detail in their publication. In the following subsections 
4.2.2 and 4.2.3, the results of our literature research are described. 
4.2.2 Complexity drivers in product development and their effects on company’s 
complexity 
The result of our literature research is a systematic, explicit and reproducible literature review about complexity 
drivers in manufacturing companies and along the value chain, published by Vogel and Lasch. In their literature 
review, Vogel and Lasch identified different definitions about complexity drivers and generated a more general 
definition of complexity drivers (Vogel and Lasch, 2016, pp. 17-18). Further, they described a variety of 
methods for complexity driver’s identification, operationalization and visualization and presented several 
different complexity drivers, which occur in manufacturing companies and along the value chain, including the 
field product development. Based on literature, complexity drivers have a direct influence on the company and 
the total value chain (Schuh, 2005, pp. 8-19). The knowledge about complexity drivers is necessary to develop 
an effective complexity strategy (Serdarasan, 2011, p. 792). As already mentioned, product development has 
the biggest influence on a company’s complexity (Krause, Franke and Gausemeier, 2007, pp. 3-15). The first 
step in developing and implementing a target-oriented complexity management in a company and finally in 
product development is to identify the corresponding complexity drivers (Fleck, 1995, pp. 178-180; 
Giannopoulos, 2006, pp. 154-156; Perona and Miragliotta, 2004, p. 106). Keuper (2004, p. 82) followed this 
argumentation and described that the handling of company’s complexity depends on the complexity drivers. 
In their literature review, Vogel and Lasch (2016, p. 18) defined complexity drivers as “factors, which influence 
a system’s complexity and company’s target achievement. They are responsible for increasing system’s 
complexity level and help to define the characteristics or the phenomenon of a system’s complexity. Complexity 
drivers are influenced by one another, that is by internal or external drivers, and cannot be reduced completely 
to another one”. 
According to their origin, complexity drivers can be separated in internal and external drivers (Blecker, Kersten 
and Meyer, 2005, pp. 48-51; Kersten et al., 2006, pp. 326, 337; Zahn, Kapmeier and Tilebein, 2006, pp. 142-
143). Furthermore, internal complexity drivers can be differentiated in correlated and autonomous complexity 
drivers (Bliss, 2000, pp. 4-7, 65-66, 163-169). Correlated complexity drivers have a direct correlation to external 
complexity and are influenced by it. Autonomous complexity drivers are not influenced by external factors and 
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the company itself determines them. Internal and external complexity drivers are connected directly and induce 
system’s complexity (Belz and Schmitz, 2011, pp. 185-186; Collinson and Jay, 2012, pp. 7-8; Götzfried, 2013, 
pp. 35-38, 67-68; Grimm, Schuller and Wilhelmer, 2014, pp. 91-93; Größler, Grübner and Milling, 2006, p. 256). 
They cannot be separated selectively and they cannot be operationalized (Bohne, 1998, pp. 58-59; Götzfried, 
2013, pp. 67-68; Schmidt, 1992, p. 14; Schuh and Schwenk, 2001, pp. 10-13). 
In the literature review from Vogel and Lasch (2016, pp. 41-53), 17 publications regarding complexity drivers 
in product development were found between 1998 and 2015. No publications were found before 1998. Between 
2010 and 2015, 65% of the publications were published. This trend shows an increased interest throughout the 
last years and it can be derived that complexity drivers in product development become more and more 
important in scientific research. 
Furthermore, 108 different complexity drivers in product development were found in the literature review from 
Vogel and Lasch (2016). The identified complexity drivers were clustered in different main complexity driver 
categories depending on their origin, characteristics and influence on other drivers. The classification system 
consists of 3 main groups (external complexity, internal complexity and general complexity), 4 subcategories 
(society complexity, market complexity, internal correlated complexity and internal autonomous complexity) 
and 22 main complexity driver categories (society, demand, competitive, supply, technological external, target, 
customer, product & product portfolio, technological internal, product development, supply process, service, 
remanufacturing, organizational, process, production, planning, control & information, resource, logistics, 
sales & distribution, general complexity). As a result of complexity drivers’ clustering, 27 external (25%), 32 
internal correlated (30%) and 49 internal autonomous complexity drivers (45%) were found and identified in 
literature. Most of the identified complexity drivers were assigned to the main group internal complexity. Thus, 
this group is mostly influenced by complexity and must be handled first (Vogel and Lasch, 2016, pp. 27-35).  
Table 14 presents the identified complexity drivers in the field product development (PD) and their literature 
occurrence. The most referred complexity drivers are organizational complexity (N: 6), process complexity 
(N: 5) and product structure/design (N: 5). As also seen in Table 14, some authors appointed more complexity 
drivers than other authors in the field product development. The amount of complexity drivers in a system, 
especially in product development, reflects the level of difficulty in managing a system’s complexity, because 
complexity drivers have a high influence on a system’s complexity. The number of identified complexity drivers 
in product development ranges from 2 up to 38 (see Table 14) and depends on the situation and the eye of the 
beholder. In the complexity driver categories supply complexity, supply process complexity, service complexity 
and remanufacturing complexity, no specific complexity drivers were appointed by the authors. It seems that 
these categories are not as relevant for product development from literature’s point of view. Based on these 
results, in practice, the same or other complexity drivers can occur from our point of view. For example, the 
category remanufacturing complexity could be relevant for product development’s complexity, because in 
product development, product’s structure, materials and functions are defined and these are relevant for 
product’s remanufacturing. Thus, an empirical research must be performed to identify new complexity drivers 
or to confirm the existing drivers. In the end, the empirical results are compared with the results from literature 
to identify commonalities and differences. For designing the questionnaire of our empirical research, only the 
literature sources, which were published before 2015 were considered, because the empirical research started 
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already in 2014 with the pretest. After the pretest, the final questionnaire started at the beginning of the year 
2015. The publications from Bosch-Rekveldt et al. (2015, p. 1099) and Oyama, Learmonth and Chao (2015, 
p. 5) were not yet published at the time the questionnaire started and thus their findings were not implemented 
in questionnaire’s design. 
Table 14: Overview of the main complexity drivers in the field PD and their literature occurrence (Part A) 
Explanation: 
 * Complexity drivers, which are out of focus according to questionnaire’s 
 design, because they were published after the year 2014 (Focus for ques-
 tionnaire’s design: complexity drivers, which were published between  
























































































































































































































































































































































Complexity driver category 







● Social framework *                ●  1 
● Value change & value awareness       ●            1 
● Environmental complexity (general)    ●       ●   ●    3 
● Dynamic & change of company’s environment *                ●  1 
● Ecological conditions/factors      ●            1 
● Legal factors      ●            1 
● Political framework conditions           ●     ●  2 
● Country-specific requirements *                ●  1 
● Change of populations structure      ●            1 
● Standards and regulations      ●            1 
● Turbulences in company’s environment           ●       1 
● Uncertainty in company’s environment *                ●  1 





General market-related complexity                   
Market complexity (general)     ●       ●   ●                 3 
Market’s change           ●                       1 
Market’s globalization           ●                       1 
Market’s dynamics                     ●             1 
Market’s protectionism           ●                       1 
Demand complexity                   
Demand complexity (general)       ●           ●               2 
Individuality of customer demands           ●                       1 
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Table 14: Overview of the main complexity drivers in the field PD and their literature occurrence (Part B) 
Explanation: 
 * Complexity drivers, which are out of focus according to questionnaire’s 
 design, because they were published after the year 2014 (Focus for ques-
 tionnaire’s design: complexity drivers, which were published between  
























































































































































































































































































































































Complexity driver category 








Competitive complexity (general)       ●           ●               2 
Number and strength of competitors                     ●         ●   2 
Competitive pressure           ●                       1 
Supply complexity 
  
Technological complexity (external) 
External technological complexity (general)       ●                           1 
Technological progress           ●         ●             2 
Technological innovations and availability           ●                       1 












Target complexity (general)       ●           ●               2 
Amount of different targets *                               ●   1 
Conflict between different targets *                               ●   1 
Ambiguity of targets *                               ●   1 
Customer complexity 
Customer structure                   ●               1 
Product & product portfolio complexity 
Product complexity (general)                 ● ● ●       ●     4 
Product portfolio complexity (general)                   ●       ●       2 
Product variety   ●       ●   ●             ●     4 
Product range/portfolio   ●       ●   ●             ●     4 
Product structure/design   ●   ●       ●     ●   ●         5 
Product technology ●                                 1 
Component type         ●                         1 
Variety of parts and modules ● ●     ●                       ● 4 
Property of parts and modules ● ●     ●                       ● 4 
Variety of the applied materials ●                                 1 
Property of the applied materials ●                                 1 
Quality standards *                               ●   1 
Conflicts between different standards *                               ●   1 
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Table 14: Overview of the main complexity drivers in the field PD and their literature occurrence (Part C) 
Explanation: 
 * Complexity drivers, which are out of focus according to questionnaire’s 
 design, because they were published after the year 2014 (Focus for ques-
 tionnaire’s design: complexity drivers, which were published between  
























































































































































































































































































































































Complexity driver category 










Technological complexity (internal) 
Technology complexity (general)     ●       ●       ●     ●       4 
Technology change/innovation                             ●     1 
New technologies *                               ●   1 
Number of different applied technologies   ●                               1 
Technological uncertainty *                               ●   1 
Hardware and software complexity (general)         ●                         1 
Type of data medium         ●                         1 
Size of data medium         ●                         1 
Type of interfaces         ●                         1 
Amount of interfaces         ●                         1 
Criteria of hardware and software tests         ●                         1 
Product development complexity 
Development complexity (general)     ●       ●                     2 
Development program’s complexity       ●                           1 
Applied methods or instruments           ●                       1 
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Table 14: Overview of the main complexity drivers in the field PD and their literature occurrence (Part D) 
Explanation: 
 * Complexity drivers, which are out of focus according to questionnaire’s 
 design, because they were published after the year 2014 (Focus for ques-
 tionnaire’s design: complexity drivers, which were published between  
























































































































































































































































































































































Complexity driver category 











Organizational complexity (general)     ●       ●   ● ● ●     ●       6 
Organization’s structure     ●     ●                       2 
Deficits in organization structure *                               ●   1 
Organization’s/Company’s size                             ●     1 
Company’s location *                               ●   1 
Company’s management *                               ●   1 
Business segment/industrial sector                             ●     1 
Company’s strategy (strategical complexity)           ●         ●     ●       3 
Complexity between cooperation partners           ● ●                     2 
Force within the company *                               ●   1 
Handling of risks, uncertainty and incidence *                               ●   1 
Employee complexity (general)           ●               ●       2 
Employeeʼs experience *                               ●   1 
Employeeʼs qualification *                               ●   1 
Employeeʼs behavior *                                 ● 1 
Number of tasks *                               ●   1 
Task’s variety *                               ●   1 
Dependencies between different tasks *                               ●   1 
Number of different languages in the company *                               ●   1 
Number of different nationalities in the company *                               ●   1 
Number of different time zones *                               ●   1 
Number of joint-ventures *                               ●   1 
Number of contractual partners *                               ●   1 
Number of different financial sources *                               ●   1 
Confidence in contractual partners *                               ●   1 
Lack of transparency (general)           ●                       1 
Lack of cost transparency            ●                       1 
Lack in consistency of activities           ●                       1 
Process complexity 
Process complexity (general)       ●         ● ● ●     ●       5 
Variety of processes             ●                     1 
Number of process interfaces *                               ●   1 
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Table 14: Overview of the main complexity drivers in the field PD and their literature occurrence (Part E) 
Explanation: 
 * Complexity drivers, which are out of focus according to questionnaire’s 
 design, because they were published after the year 2014 (Focus for ques-
 tionnaire’s design: complexity drivers, which were published between  
























































































































































































































































































































































Complexity driver category 











Production complexity (general)  ●                 ●               2 
Production structure                         ●         1 
Number of production locations *                               ●   1 
Manufacturing technology ●                                 1 
Uncertainties in production methods *                               ●   1 
Maintenance complexity (general) ●                                 1 
Planning, control and information complexity 
Planning, control and information complexity  
(general) 
                  ●               1 
Project time *                               ●   1 
Time pressure in project planning *                               ●   1 
Project team *                               ●   1 
Lack in strategic planning           ●                       1 
Organization’s information technology systems           ●                       1 
Resource complexity 
Resourcesʼ shortage *                               ●   1 
Logistics complexity 
Supply chain complexity (general)               ●                   1 
Sales and distribution complexity 
Distribution complexity (general) ●                                 1 




Variety/Multiplicity                       ●           1 
Dynamics                       ●           1 
Total amount of complexity drivers cited in literature source: 7 5 6 8 8 25 7 4 4 10 13 2 2 7 6 38 2  
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For a complexity management, it is necessary to identify and analyze the effects of high complexity and its 
origin within the company (Kersten, Koppenhagen and Meyer, 2004, pp. 211-214). In literature, the authors 
describe several effects of high complexity. Furthermore, effects of high complexity are divided in different 
categories, although the differentiation in 2 categories is preferred in literature. 
For example, Meyer (2007, p. 31) divides the effects of high complexity in 2 categories: General effects and 
effects on company’s cost level. Keuper (2004, pp. 93-94) specifies the effects into cost effects and divides them 
also in 2 categories: Direct costs (e.g. costs for product development or prototype testing) and time-delayed 
costs (e.g. cost for employees or data processing). Schuh and Schwenk (2001, p. 19), Schuh (2005, p. 21) and 
Thiebes and Plankert (2014, p. 173) divide the effects of high complexity also in 2 categories: Direct effects 
(e.g. costs for product and product development process or quality management) and indirect effects (e.g. 
product cannibalization or distribution system’s effectiveness). However, the divisions, made by the already 
mentioned authors, are fairly equal to Keuper’s classification. In contrast, Gießmann (2010, pp. 39-41) divides 
the effects of high complexity into 4 main categories: Time (e.g. time for quality checks or process time), quality 
(e.g. process balance or adherence to deadlines), costs (e.g. direct costs or indirect costs) and flexibility 
(e.g. design flexibility or process flexibility). Furthermore, Meyer (2007, pp. 186-187) divides the effects of high 
complexity into 11 main categories: Procurement (e.g. inventory or resource planning), research and 
development (e.g. development process of new products or product tests), costs (e.g. development costs or 
coordination costs), logistics (e.g. inventory or amount of required resources), marketing (e.g. pricing or product 
reclamation), product (e.g. product design), production (e.g. amount of required tools or controlling effort), 
process (e.g. process planning and controlling or coordination effort), total company (e.g. quality or efficiency), 
management and controlling (e.g. calculation effort or economy) and other parts (e.g. delivery time or supplied 
goods or resource variety). Wildemann (2012, p. 114), Benett (1999, p. 32), Schuh and Schwenk (2001, 
pp. 20-22) and Schuh (2005, pp. 22-24) assign the complexity effects based on variety to the specific parts of 
the value chain and describe 7 categories: Supplier (e.g. outsourcing complexity), research and development 
(e.g. effort for product development or product tests), procurement and logistics (e.g. stocks or material 
staging), production (e.g. quality or preproduction costs), distribution (e.g. marketing costs or coordination 
effort), distribution channel (e.g. costs for product handling or forecast’s accuracy) and after-sales service (e.g. 
stockpiling of spare parts or training for staff members). 
For effect’s classification, we analyzed the specific effects from different authors and created intersections 
between the mentioned complexity effects. In general, we found out that most of the mentioned complexity 
effects can be aggregated in 4 main categories. Keuper (2004, pp. 90-97), Schuh and Schwenk (2001, 
pp. 17-22), Thiebes and Plankert (2014, p. 173), Gießmann (2010, pp. 39-41), Meyer (2007, pp. 31, 186-187), 
Wildemann (2012, p. 114), Benett (1999, p. 32) and Schuh (2005, pp. 19-24) assigned complexity effects under 
the categories time, quality and costs. Gießmann (2010, p. 40) extended the main categories by adding the 
category flexibility. In our general framework, we defined 4 main categories for the complexity effects based on 
literature: Time, quality, costs and flexibility. 
Based on the already mentioned categories from different parts of the value chain, which were found in 
literature, we defined a more general framework for identification, analyzing and evaluation of the complexity 
effects along the value chain. In general, the value chain is separated in 7 different fields according to 
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Vogel and Lasch (2016, pp. 14-15): Product development, procurement/purchasing, logistics, production, order 
processing/distribution/sale, internal supply chain and remanufacturing (see Figure 10). 
This framework is the basis for identification, analysis and evaluation of the complexity effects in product 
development within our empirical study, because the field product development is also a part of the value 
chain. 
 
Figure 10: General framework for identification, analysis and evaluation of the complexity effects 
in the company and along the value chain 
4.2.3 Overview of existing empirical studies 
For a researcher, it is important to review existing empirical studies in the same or a similar scientific area 
before starting an empirical research, because it allows him to get an overview about their objectives, research 
methodologies and findings (Madu, 1998, pp. 354-355). Theories and statements in literature and practice can 
change over time, so it is important to determine and to review the practical side through an empirical research 
(Jasti and Kodali, 2014, pp. 1080-1081, 1090-1091, 1096). 
Following Madu (1998), another literature research was performed analogously to the literature research about 
complexity drivers and their effects (see subsection 4.2.1 and see Table 48 in the appendix). The objective was 
to identify all existing empirical researches concerning complexity management in manufacturing companies 
and focusing on complexity drivers and their effects on company’s complexity during the last years. The 
literature research resulted in 72 different empirical studies in the time period between 1999 and 2015, which 
are focused on complexity management. These studies were analyzed and synthesized regarding their content, 
research objectives, focus, field of industry, region/country, research period and applied data collection 
methodology. The conducted empirical researches analyzed company’s complexity with different objectives, 
data collection methodologies and focuses. Table 15 presents the results of our literature analysis. 
The empirical studies are focused on 8 different fields: General in manufacturing companies (N: 32; 44%), 
product development (N: 6; 8%), production (N: 3; 4%), logistics (N: 5; 7%), order processing/distribution/ 
sale (N: 4; 6%), internal supply chain (N: 16; 22%), remanufacturing (N: 2; 3%) and other fields (N: 4; 6%) 
(see Table 15). Most of the empirical studies are focused on the fields general in manufacturing companies and 
internal supply chain. The most applied data collection methodologies are questionnaires (N: 37) and expert 
interviews (N: 41).  
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During our literature analysis, we identified 13 different empirical studies, which are focused on complexity 
drivers in the fields general in manufacturing companies (N: 3), production (N: 2), logistics (N: 2), order 
processing/distribution/sale (N: 2), internal supply chain (N: 2) and remanufacturing (N: 2). However, no 
empirical study regarding complexity drivers and their effects in product development exists in literature. 
Table 15 shows that previous empirical studies regarding product development have been done by the following 
6 authors: Li et al. (2005, pp. 2577-2579, 2583-2584), Kim and Wilemon (2009, pp. 547-550; 2012, pp. 1, 4-6), 
Newman (2009, p. 2), Chronéer and Bergquist (2012, pp. 21, 24-26) and Grussenmeyer and Blecker (2013, 
p. 140). The empirical studies were conducted in different countries and fields of industry between the time 
period 2005 and 2013. In these studies, the authors pursued also different objectives. 
In their empirical study, Li et al. (2005, pp. 2577-2579, 2583-2584) analyzed the impact of environmental 
complexity on the choice of management control systems and their effects on product development and process 
decisions. The study was conducted in China in the year 2002 by using questionnaires and comprises 9 different 
fields of industry: Engineering, electrical, metal & materials, chemical & pharmaceutical, food, clothing & 
textile, telecommunication, commercial products and other fields of industry. 
Kim and Wilemon (2009, pp. 547-550; 2012, pp. 1, 4-6) published 2 papers with results from their empirical 
researches. In their first study, they identified and analyzed the conditions, which cause complexity in new 
product development to increase the understanding of an effective complexity management. Furthermore, they 
identified and analyzed methods for complexity handling. The second study was done with the objective to 
increase the understanding of the consequences in new product development projects when complexity arises 
and the competitive advantages for companies, which manage complexity effectively. The 2 studies were 
conducted in the USA, especially in the states of New York and Connecticut and comprised 5 different fields 
of industry: Engineering, electrical, industrial photographic paper, medical industry, heating and ventilating, 
as well as air conditioning industry. In their empirical studies, the methodology expert interviews was used for 
data collection. No information regarding the research period was mentioned in the publications and no 
complexity drivers were identified. 
Newman (2009, p. 2) analyzed the complexity of a global new product development process and discussed the 
question how complexity can be reduced through component’s standardization and modularization. The study 
was done by using expert interviews. Regarding research period, field of industry and region, no information 
was given. 
Chronéer and Bergquist (2012, pp. 21, 24-26) identified and analyzed the complexity regarding research and 
development projects. The study was conducted in Sweden and comprised 6 different fields of industry: Metal, 
rubber & plastics, chemical, papers, mining, as well as food & dairy. For data collection, they combined the 3 
methodologies expert interviews, case studies and observations. No information regarding the research period 
was mentioned in literature. 
Another empirical study in the field of product development was done by Grussenmeyer and Blecker (2013, 
p. 140). The study was conducted in Germany and Italy in the year 2011. The objective of their study was the 
analysis of project’s complexity level in new product development and the evaluation of a specific complexity 
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management in product development. In their research, Grussenmeyer and Blecker (2013, p. 140) used 
questionnaires for data collection. Regarding the fields of industry, no information was mentioned in literature. 
Table 16 summarizes the results of our analysis regarding to the previous empirical researches concerned with 
complexity management in the field product development. The table shows a list of currently existing empirical 
studies and gives an overview of their specific research period, region, fields of industry and applied data 
collection methodologies. Furthermore, the existing empirical studies are analyzed and evaluated in comparison 
to the objectives of our empirical study regarding complexity management in product development. The 
evaluation is based on the following 3 criteria: Fulfilled (+ +), partially fulfilled (+) and not fulfilled (-). 
Table 16: List of existing empirical researches focused on product development and their content 
Content 
Author(s) 

















pp. 1, 4-6) 
Grussenmeyer 
and Blecker 
(2013, p. 140) 
Research period 2002 - - - - - - - - - - - - 2011 
Region/Country China USA - - - Sweden USA Germany, Italy 
Fields of 
Industry 
Automotive             
Engineering ● ●     ●   
Electrical & Optics ● ●     ●   
Metal ●     ●     
Petroleum &  
Plastics 
      ●     
Chemical & 
Pharmaceutical 
●     ●     
Glas, Ceramic, Pit & 
Quarry 
      ●     
Food, Forage &  
Tobacco 
●     ●     
Lumber, Papers, 
Printing & Furniture 
  ●   ● ●   
Clothing & Textile ●           




Questionnaire ●         ● 
Expert interviews   ● ● ● ●   
Workshop(s)             
Case study       ●     
Observation       ●     







- + - - - - 
Identification and 
analysis of complexity 
driver’s effects 
- - - - - - 
Evaluation criteria: 
fulfilled ( + + ) Specific complexity drivers and their effects are described in detail. 
partially fulfilled ( + ) Complexity drivers and their effects are only mentioned, but not described in detail. 
not fulfilled ( - ) No information regarding complexity drivers and their effects is referred to. 
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Analyzing the existing empirical studies regarding complexity in product development (see Table 16), as well 
as other fields (e.g. general in manufacturing companies, production, logistics, etc.), we come to the conclusion 
that no empirical research, focused on complexity management in product development in manufacturing 
companies in Germany, including the identification and analysis of complexity drivers and their effects, exists 
yet. By presenting a systematic, explicit and reproducible empirical research regarding product development 
in manufacturing companies in Germany, we want to close the aforementioned literature gap. 
4.3 Empirical research 
4.3.1 Research methodology and objectives 
In this empirical research, we followed the methodology of Flynn et al. (1990, pp. 253-255). Based on social 
sciences, Flynn et al. (1990, pp. 253-255) developed a 6-stage systematic approach for conducting an empirical 
research (see Figure 11). This helps the researcher to describe, what happens in the real world (Moody, 2002, 
p. 1). The approach starts with the determination of the theoretical foundation (stage I) and the research 
design, which is applied to the research problem and the theoretical foundation (stage II). In stage III, the data 
collection method is selected. Data collection is an important part of an empirical research (Jasti and Kodali, 
2014, p. 1093). Several methods are described in literature and can be combined for better results 
(Flynn et al., 1990, pp. 258-259; Jasti and Kodali, 2014, pp. 1093-1097). The data collection method, which is 
mostly used, is the questionnaire. It is a useful technique for single and multiple case studies, as well as panel 
studies and focus groups. Next, the sample description for research’s implementation is defined and the data 
is collected in stage IV. Before preparing the research report for publication (stage VI), the collected data is 
processed and analyzed in stage V (Flynn et al., 1990, pp. 253-268). 
 
Figure 11: Six stage systematic approach for empirical research, developed by Flynn et al. 
The first step in performing an empirical research is to define the research questions and objectives. Empirical 
research can be used to document the state-of-the-art in different fields of research (Flynn et al., 1990, pp. 250, 
253-254). In this research, we use an empirical study to document the current state in practice regarding the 
complexity drivers and their effects in the field of product development in the manufacturing industry of 
Germany. A further objective is to compare literature findings with the results from our empirical research to 


















I II III IV
4 Complexity drivers in product development: A comparison between literature and empirical research 103 
 
Based on our introduction, the literature review and the identified research gap, we determined 4 further 
research questions, focused on our empiricism (called empirical research questions) to close the research gap: 
■ RQ 3:  How is the product development of the participating companies characterized regarding product 
  and variant range; length of product life cycle and product development process; amount of applied 
  components, materials, technologies and processes; the height of the own value adding percentage, 
  as well as organization’s influence on product development’s complexity? 
■ RQ 4:  What are the main complexity drivers in product development and what interdependencies exist 
  between them? Can the complexity drivers be aggregated to factors? 
■ RQ 5:  What influences do high complexity and especially the complexity drivers have on product develop-
  ment’s complexity? 
■ RQ 6:  What are the significant differences and commonalities between the literature and practical (empi-
  rical) results? 
Regarding the limitations of our research approach, we decided to limit the scope of our empirical research by 
analyzing only the German manufacturing industry, because the German manufacturing industry and its 
product development is one of the most leading industries in the world, compared to other countries and/or 
fields of industry. Furthermore, by our limitation we want to ensure that this research is manageable. In 
addition, we had only data from the German manufacturing industry available for our empirical research. Data 
from other countries and/or fields of industry was not available at the time our research was conducted. 
4.3.2 Questionnaire’s design, data collection methodology, sample description and 
statistical analysis 
The implementation of an empirical research starts with the selection of the data collection method and the 
sample description (Flynn et al., 1990, pp. 256-263). For data collection, a standardized questionnaire with 15 
questions and a fixed response possibility was applied in this research, because the questionnaire is the most 
used data collection method in scientific research and provides the best results regarding reliability, validity 
and generalization (Flynn et al., 1990, p. 259). 
The data was collected from a stratified random sample. The sample was taken out of a given population of 
17,862 manufacturing companies, located in Germany with more than 50 employees. The research was 
conducted in 2015 and 2016. At the beginning of our empirical study in 2015, the population of 17,862 
manufacturing companies was determined based on the Amadeus database. In the Amadeus database, all 
manufacturing companies of Germany are documented. In our research, we selected only companies with more 
than 50 employees, because the complexity phenomenon primarily occurs in bigger companies rather than in 
smaller. 
As already mentioned, we used a standardized questionnaire for data collection. The questionnaire was sent in 
2 stages by e-mail to 3,086 companies, exclusive of service and printing companies. According to Mayer (2013, 
pp. 65-68), we used a 2-stage empirical research to increase the amount of responded questionnaires and thus 
the research’s quality. To increase answer’s significance, the companies were asked in the cover letter to send 
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the questionnaire to an experienced employee from the product development department. However, this is no 
guarantee that the questionnaire is send to the right person within the company and/or product development 
department. In this research, we assume that the responded questionnaires were answered by the right persons. 
All participants were assured that only aggregated data would be presented. The stratified random sample size 
(n = 1,565) is calculated based on the methodology of Mayer (2013, p. 66) and Raab, Poost and Eichhorn 
(2009, p. 84). The input parameters are the population (N = 17,862), a safety factor (t = 2), the proportion of 
the elements within the random sample, which fulfills the feature characteristic (p = 0.5) and the sampling 
error (d = 0.05). The population comprises the amount of documented companies in the Amadeus database 
and the safety factor depends on respondents’ level of significance. 
For questionnaire’s design, questions with the same focus are clustered in main categories to increase 
understanding and transparency (Kromrey, 2009, pp. 371-386). The questionnaire in this study was structured 
in 3 main parts: General information regarding the respondents (company size, field of industry and 
respondent’s position in the company), general information about product development’s characteristics 
(dimension of product and variant range; length of product life cycle and product development process; amount 
of applied components, materials, technologies and processes; as well as the height of the own value adding 
percentage) and information about the complexity drivers and their effects. 
The questions were formulated based on the research questions. To ensure representative results, the questions 
must be formulated explicit and easily (Kromrey, 2009, pp. 371-375). In the questionnaire, the scale items were 
designed as statements and the interviewees were asked about their assessment. For measurement, we used 
nominal scales (yes/no) and ordinal scales (1 - no influence; 2 - small influence; …; 5 - strong influence; 6 - very 
strong influence) to increase reliability, validity and comparability. Other scale items, such as interval or 
rational were not used in this research, because these scales have another focus and are not applicable in this 
research. 
Before starting the empirical research, a first version of the questionnaire was pretested to identify and remove 
systematic gaps and inconsistencies (Hug and Poscheschnik, 2010, p. 119). In 2014, our questionnaire was 
pretested by 40 experts from the potential target group. The objective was to check and refine the wording, 
understanding, relevance, as well as the measurement instrument. Furthermore, the questionnaire length and 
the time for questionnaire’s responding was checked. Based on pretest’s results and comments from the experts, 
the questionnaire was revised and checked again by a smaller group of experts. 
According to Flynn et al. (1990, pp. 264-267) and Moody (2002, p. 3), a questionnaire has to be analyzed by 
using statistical methods. Several data analysis techniques or statistical tests for statistical analysis exist in 
scientific literature and can be used by a researcher, although there is no general rule to select a particular 
approach (Madu, 1998, p. 354). Montoya-Weiss and Calantone (1994, p. 404) classified the data analysis 
techniques into 4 groups: Descriptive statistics (e.g. means, frequencies and proportions) tests of differences or 
similarities (e.g. t-test) measures of dimensionalities (e.g. factor analysis) and statistical interpretation of para-
meters (e.g. correlation analysis). For answering the empirical research questions, we analyzed the empirical 
findings by using the data analysis techniques from the groups descriptive statistics, measures of dimensionali-
ties and statistical interpretation of parameters. The group tests of differences or similarities was not applied 
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in this research, because the data analysis techniques from this group are used for testing hypotheses. Since we 
did not propose hypotheses or did an experiment in our research, we did not use these data analysis techniques. 
4.4 Analysis of empirical research and findings 
4.4.1 Sample results and data validation 
For data collection, 3,086 manufacturing companies with more than 50 employees, located in Germany, were 
questioned. The questionnaire was sent by e-mail to them. The Amadeus database lists mostly general email-
addresses of companies. Therefore, the inquiry emails sent to those addresses included the request to forward 
the email to an experienced employee in the department of product development. 
Next, the net sample size was calculated by reducing the total sample size based on the amount of e-mails that 
were undeliverable or rejected by the companies. The net sample size is needed for response rate’s counting 
(Gießmann, 2010, pp. 89-90). In our research, the final sample size consisted of 2,817 companies. In total, 295 
questionnaires were answered completely and resulted in a response rate of 10.5%, which is an acceptable 
response rate according to Meffert (1992, p. 202). Industry’s range contained 11 different fields of industry. 
According to their characteristics, the identified industry branches were clustered in 4 industry clusters: 
Technical industries, resource industries, consumer goods industry and others. The technical industry is the 
largest industry cluster and comprises about 60% of the respondents: Engineering (30.5%), metal (10.5%), 
electrical and optics (9.8%) and automotive (8.1%) (see Figure 12). Based on the Amadeus database, the 
technical industry is traditionally Germany’s major field of industry with a percentage of 63.5%. For result’s 
validation, the percentage of the empirical research was compared with the percentage of the database to 
identify commonalities and differences. In our research, the percentage of empirical research and database are 
very close in all industry clusters. The empirical findings are therefore representative and can be generalized. 
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Figure 12: Frequency of received questionnaires according to industry and 
comparison of results and database’s percentage 
In the next step, the number of employees and the position profile of the respondents were analyzed (see 
Figure 13). With 61.8%, the small and middle-sized companies formed the biggest group in our empirical 
research. Larger companies with more than 250 employees represented 38.2%. Based on these results, it can be 
concluded that small and middle-sized companies are highly interested in empirical studies regarding 
complexity management and especially in product development. 
The analysis of the respondent’s position profile shows that 80% of the respondents can be assigned to the 
category upper management (see Figure 13). This category comprises the following 3 groups: Presidents, CEOs 
and COOs (18.0%), directors and division managers (26.1%), as well as senior managers and department 
managers (35.9%). This result shows that complexity in product development is an important issue for 
company’s management. 
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To answer RQ3 and for analyzing the product development characteristics in general of the participating 
companies, we requested the following properties in 10 different questions (Q4 to Q13): Dimensions of product 
range and variant range; length of product life cycle and product development process; amount of applied 
components, materials, technologies and process; height of the own value adding percentage and organization’s 
influence on product development’s complexity. The results are described in Figure 14.  
Approximately 75% of the companies are characterized by a medium and big product (Q4) and variant range 
(Q5). Based on the analysis of questions 6 and 7, more than 50% of the developed products have a life cycle 
length of more than 72 months (Q6), but approximately 70% of the respondents specified that the length of 
product development process is less than 25 months (Q7). Furthermore, the majority of companies indicate 
that their products consist of many different components (Q8), materials (Q9), as well as technologies (Q10) 
and the product development process consists of many different processes (Q11). Furthermore, the percentage 
of the own value adding activity in product development was analyzed. However, there was no explicit tendency 
recognizable (Q12). In literature, organizational complexity and value-added complexity are general complexity 
drivers in the company (Vogel and Lasch, 2016, pp. 27-32). To analyze organization’s influence on product 
development’s complexity, the respondents were questioned about their evaluation. More than 75% of the 
respondents specified that the organization has no negative influence on product development’s complexity 
(Q13). Comparing this result with literature, there is a discrepancy, especially regarding the complexity drivers 
in product development, which are described in subsection 4.2.2. In literature, 9 authors describe 28 different 
organizational complexity drivers, which are responsible for increasing complexity in the company and 
especially in product development. It would be interesting to investigate the reasons for this discrepancy wihin 
a further empirical research (e.g. investigation through expert interviews). 
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4.4.2 Complexity drivers and their effects on company’s complexity 
We started our pretest by using the complexity drivers in product development, which are already mentioned 
in literature and published before 2015 (N: 72) (see subsection 4.2.2). Furthermore, we added additional 
complexity drivers from other fields along the value chain to extend the amount of complexity drivers in total, 
because product development has an influence on all parts of the value chain (N: 44). The complexity drivers 
originate in the following fields: General in manufacturing companies (Bliss, 1998, pp. 146-148; Bliss, 2000, 
pp. 4-7; Schoeneberg, 2014a, pp. 16-19), procurement and purchasing (Gießmann and Lasch, 2010, pp. 159-
167), logistics (Gießmann, 2010, pp. 36-38; Lasch and Gießmann, 2009a, pp. 200-202), production 
(ElMaraghy et al. 2012, pp. 793-794; Schöttl et al., 2014, pp. 259-260), order processing, distribution and sales 
(Buob, 2010, pp. 18-20), as well as internal supply chain (Serdarasan, 2011, p. 794) and remanufacturing 
(Haumann et al., 2012, pp. 107-109, 111). In total, the collection of the complexity drivers, used in our pretest, 
comprises 116 different complexity drivers. One of the objectives of doing the pretest was to ask the experts 
about the relevance of the different complexity drivers, because we wanted to reduce the number of drivers for 
the final questionnaire to the truly relevant drivers. As a result of our pretest, from the expert’s view, only 59 
complexity drivers of the total amount of 116 are relevant and should be used in the final questionnaire and 
empirical research. Furthermore, they mentioned additional important and relevant complexity drivers that 
we added to our questionnaire (N: 5). The final questionnaire comprises 64 complexity drivers in total. Another 
surprising result is that the internal complexity drivers product complexity (general), product portfolio 
complexity (general), technological complexity (general) and development complexity (general) are not relevant 
from expert’s view, although these drivers are fundamentally connected to the product development process 
(see Table 17). One reason is that these drivers are general drivers and are already known and handled by the 
experts. Another reason is that the experts want to have some further information about specific complexity 
drivers, which are important for complexity management in product development. Thus, these general drivers 
do not need further analysis. Table 17 presents an overview about the different complexity drivers, which are 
mentioned in literature in product development and the other fields along the value chain, as well as the results 
of expert’s evaluation regarding the relevance of the different drivers. 
Answering the forth research question, we used different statistical methods for analyzing questionnaire’s 
results. The main complexity drivers in product development in each driver category were identified by using 
descriptive statistics. In this research, 64 different complexity drivers were evaluated by the respondents within 
an ordinal scale (1 - no influence; 2 - small influence;…; 5 - strong influence; 6 - very strong influence) according 
to their influence on product development’s complexity. The complexity drivers, which are evaluated by more 
than 50% of the respondents with a strong or very strong influence on product development’s complexity are 
identified as the main complexity drivers. As already mentioned, 64 complexity drivers were included in the 
questionnaire, but only 30 drivers were regarded by the respondents in different fields of industry as drivers 
that have a strong or very strong influence in principle (see Table 17, reference No. 4 in the field explanation).  
Table 17 presents the identified main complexity drivers in product development in the different fields of 
industry, which are identified in our empirical research. As a result of our research, some industries are 
influenced by more complexity drivers than other industries. For example, the following fields of industry are 
influenced by 12 main complexity drivers: Automotive, petroleum & plastics, as well as food, forage & tobacco. 
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In contrast, the electrical & optics industry or the chemical & pharmaceutical industry are influenced by only 
6 drivers. 
A further result of our empirical research is that some complexity drivers are more important than other 
drivers, because these drivers occur in most fields of industry. These include the following complexity drivers: 
Market’s economic factors, individuality of customer demands, number and strength of competitors, product 
range/portfolio and amount of simultaneous projects. The driver variety of customer requirements influences 
every field of industry (see Table 17). Furthermore, product development’s complexity is influenced to the 
same extend by external, as well as internal complexity drivers (14 external drivers vs. 16 internal drivers). 
Comparing this result with literature (see subsection 4.2.2), most of the described complexity drivers in 
literature belong to the main category internal complexity drivers (28 external drivers vs. 79 internal drivers). 
Thus, there is also a discrepancy between literature and practice. These results draw to the conclusion that 
internal complexity drivers can be handled by the company itself so they are not considered as problems, 
whereas external complexity drivers cannot be handled easily and are therefore regarded more as problems. 
Thus, less internal complexity drivers are described by the respondents in our research as drivers with a high 
influence than it would be expected when looking at the findings in literature.   
As also seen in Table 17, the different fields of industry are influenced by individual main complexity drivers. 
The technical industries are characterized by 6 main complexity drivers: Market’s economic factors, variety of 
customer requirements, individuality of customer demands, number and strength of competitors, product 
range/portfolio and amount of simultaneous projects. The resource industries and the consumer goods industry 
are also characterized by variety of customer requirement and individuality of customer demands. Furthermore, 
the resource industries are influenced by the 3 complexity drivers political framework conditions, demand’s 
dynamics, as well as technological progress and the consumer goods industry is characterized by market’s 
economic factors, number and strength of competitors, as well as product range/portfolio. 
In summary, the external complexity driver categories general market-related complexity, demand complexity 
and competitive complexity and their specific drivers are most important for complexity management in 
product development. In contrast, the complexity drivers from the categories society complexity, technological 
complexity (external and internal), supply complexity, target complexity, customer complexity, product and 
product portfolio complexity, product development complexity, organizational complexity, production 
complexity, process complexity, planning, control and information complexity, as well as logistics complexity, 
sales and distribution complexity and the general complexity drivers have mostly no strong or very strong 
influence on product development’s complexity and do not seem to be so important for complexity management 
in product development.  
It was surprising that the complexity driver categories technological complexity (external and internal), product 
and product portfolio complexity, as well as product development complexity and their specific drivers did not 
have a strong or very strong influence on product development’s complexity in total, although product 
development is characterized by these categories. 
The comparison between literature’s complexity drivers and the complexity drivers identified in this empirical 
research is shown in subsection 4.4.3.  
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Table 17: Overview about the complexity drivers, which are evaluated by the respondents 
with a strong and very strong influence on product development (Part A) 
Explanation: 
1 Complexity drivers, which are documented in the literature 
 review, focused on product development (see subsection 4.2.2) 
 (N: 72) 
2  Complexity drivers, which are documented in literature in other 
 fields along the value chain and general in manufacturing com-
 panies (N: 44) 
3  Additional complexity drivers, mentioned by the practice during  
 expert interviews (N: 5) 
4 Complexity drivers, which were regarded by the respondents as 
 drivers that have a strong or very strong influence (N: 30) 
RfQ Relevant (R) for questionnaire based on the results of our pretest 
 and several expert interviews (N: 64) 

































































































































Specific complexity drivers 





Society complexity              
Environmental complexity (general) 1              
Value change & value awareness 1, 4 R     ●       1 
Environmental awareness in population 2 R             
Ecological conditions/factors  1 R             
Political framework conditions 1, 4 R     ●  ●     2 
Legal factors 1, 4 R      ●  ●   ● 3 
Change of populations structure 1              
Standards and regulations 1              
Turbulences in company’s environment 1              
Interdependencies between environmental factors 1              
General market-related complexity              
Market complexity (general) 1              
Market’s infrastructure 3 R             
Market’s economic factors 2, 4 R ● ● ● ● ●    ● ●  7 
Variety of customer requirements 2, 4 R ● ● ● ● ● ● ● ● ● ● ● 11 
Market’s change 1, 4 R ●   ●      ●  3 
Market’s globalization 1, 4 R ● ●   ●     ● ● 5 
Market’s dynamics 1              
Market’s protectionism 1              
Demand complexity              
Demand complexity (general) 1              
Individuality of customer demands 1, 4 R ● ● ●  ●  ● ● ● ● ● 9 
Demand’s dynamics 2, 4 R     ●  ● ●  ● ● 5 
Competitive complexity              
Competitive complexity (general) 1              
Number and strength of competitors 1, 4 R ● ● ● ●   ● ●  ● ● 8 
Competitor’s dynamics 2, 4 R      ●  ●   ● 3 
Competitive pressure 1              
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Table 17: Overview about the complexity drivers, which are evaluated by the respondents  
with a strong and very strong influence on product development (Part B) 
Explanation: 
1 Complexity drivers, which are documented in the literature 
 review, focused on product development (see subsection 4.2.2)  
 (N: 72) 
2  Complexity drivers, which are documented in literature in other 
 fields along the value chain and general in manufacturing com-
 panies (N: 44) 
3  Additional complexity drivers, mentioned by the practice during  
 expert interviews (N: 5) 
4 Complexity drivers, which were regarded by the respondents as 
 drivers that have a strong or very strong influence (N: 30) 
RfQ Relevant (R) for questionnaire based on the results of our pretest 
 and several expert interviews (N: 64) 

































































































































Specific complexity drivers 





Technological complexity (external)              
External technological complexity (general) 1              
Technological progress 1, 4 R ●    ● ● ●    ● 5 
Technological innovations & availability 1, 4 R           ● 1 
New technologies and materials 1              
Supply complexity              
Variety of supplied goods 2 R             
Amount of suppliers 2 R             
Supply strategy or concept 2, 4 R           ● 1 
Quality uncertainty of delivered goods 2 R             
Uncertainty of delivery date 2 R             







Target complexity (general) 1              
Amount of different targets 1 R             
Business objective’s change frequency 2 R             
Business objective’s time pattern 2 R             
Customer complexity 
Customer’s amount 2, 4 R           ● 1 
Customer structure 1, 4 R     ●      ● 2 
Customer’s participation 2, 4 R ●   ●        2 
Product & product portfolio complexity (Part A) 
Product complexity (general) 1              
Product portfolio complexity (general) 1              
Product variety 1, 2, 4 R       ●    ● 2 
Product range/portfolio 1, 4 R ● ● ●  ●   ● ●   6 
Product portfolio change frequency 2 R             
New product launch’s frequency 2 R             
Product life cycle length 2 R             
Product structure/design 1 R             
Product technology 1, 2              
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Table 17: Overview about the complexity drivers, which are evaluated by the respondents  
with a strong and very strong influence on product development (Part C) 
Explanation: 
1 Complexity drivers, which are documented in the literature 
 review, focused on product development (see subsection 4.2.2) 
 (N: 72) 
2  Complexity drivers, which are documented in literature in other 
 fields along the value chain and general in manufacturing com-
 panies (N: 44) 
3  Additional complexity drivers, mentioned by the practice during  
 expert interviews (N: 5) 
4 Complexity drivers, which were regarded by the respondents as 
 drivers that have a strong or very strong influence (N: 30) 
RfQ Relevant (R) for questionnaire based on the results of our pretest 
 and several expert interviews (N: 64) 

































































































































Specific complexity drivers 







Product & product portfolio complexity (Part B) 
Component type 1              
Variety of parts and modules 1 R             
Variety of the applied materials 1 R             
Variance in product design 2 R             
Availability of materials or components 3 R             
Properties of modules or materials 1, 4 R     ●   ●    2 
Product’s degree of innovation 2, 4 R ●     ●  ●    3 
Product life cycle length 2, 4 R ●           1 
Technological complexity (internal) 
Technology complexity (general) 1              
Technology change/innovation 1 R             
Number of different applied technologies 1 R             
Hardware and software complexity (general) 1              
Type of data medium 1              
Size of data medium 1              
Type of interfaces 1              
Amount of interfaces 1              
Criteria of hardware and software tests 1              
Technology’s complicacy 3 R             
Technology’s combination 2 R             
Technology life cycle length 2 R             
Product development complexity 
Development complexity (general) 1              
Development program’s complexity 1              
Applied methods or instruments 1              
Product software 2, 4 R  ●          1 
Data processing system 2 R             
Total: 4 2 1 1 3 1 1 3 1 0 3  
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Table 17: Overview about the complexity drivers, which are evaluated by the respondents  
with a strong and very strong influence on product development (Part D) 
Explanation: 
1 Complexity drivers, which are documented in the literature 
 review, focused on product development (see subsection 4.2.2)  
 (N: 72) 
2  Complexity drivers, which are documented in literature in other 
 fields along the value chain and general in manufacturing com-
 panies (N: 44) 
3  Additional complexity drivers, mentioned by the practice during  
 expert interviews (N: 5) 
4 Complexity drivers, which were regarded by the respondents as 
 drivers that have a strong or very strong influence (N: 30) 
RfQ Relevant (R) for questionnaire based on the results of our pretest 
 and several expert interviews (N: 64) 

































































































































Specific complexity drivers 








Organizational complexity (general) 1              
Organization’s structure 1              
Organization’s/Company’s size 1 R             
Amount of hierarchical levels 2 R             
Degree of centralization 2 R             
Business segment/industrial sector 1              
Company’s strategy (strategical complexity) 1, 2               
Complexity between cooperation partners 1              
Employee complexity (general) 1              
Amount of employees 2 R             
Lack of transparency (general) 1              
Lack of cost transparency 1              
Lack in consistency of activities 1              
Amount of simultaneous projects 3, 4 R ● ● ●   ●  ●   ● 6 
Amount of simultaneous processes 3 R             
Production complexity 
Production complexity (general) 1              
Vertical range of manufacture 2 R             
Production system 2, 4 R           ● 1 
Production structure 1              
Manufacturing technology 1              
Maintenance complexity (general) 1              
Process complexity 
Process complexity (general) 1              
Variety of processes 1, 2, 4 R       ●     1 
Amount of process interfaces 2 R             
Process degree of cross-linking 2, 4 R           ● 1 
Process standardization 2, 4 R           ● 1 
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Table 17: Overview about the complexity drivers, which are evaluated by the respondents  
with a strong and very strong influence on product development (Part E) 
Explanation: 
1 Complexity drivers, which are documented in the literature 
 review, focused on product development (see subsection 4.2.2)  
 (N: 72) 
2  Complexity drivers, which are documented in literature in other 
 fields along the value chain and general in manufacturing com-
 panies (N: 44) 
3  Additional complexity drivers, mentioned by the practice during  
 expert interviews (N: 5) 
4 Complexity drivers, which were regarded by the respondents as 
 drivers that have a strong or very strong influence (N: 30) 
RfQ Relevant (R) for questionnaire based on the results of our pretest 
 and several expert interviews (N: 64) 

































































































































Specific complexity drivers 







Planning, control and information complexity 
Planning, control & information complexity 
(general) 1, 2 
             
Lack in strategic planning 1              
Organization’s information technology systems 1              
Information flow’s variety 2, 4 R        ●   ● 2 
Information flow’s dynamics 2, 4 R     ●   ●    2 
Requirements of company’s control 2 R             
Company’s control level of detail 2 R             
Company’s communication system 2 R             
Logistics complexity 
Supply chain complexity (general) 1, 2              
Sales and distribution complexity 
Distribution complexity (general) 1              
Marketing complexity (general) 1              




Variety/Multiplicity 1              
Dynamics 1              
Total: 0 0 0 0 0 0 0 0 0 0 0  
 
 
Next, a correlation analysis was conducted to test the bivariate relationships and interdependencies between 
the 64 different complexity drivers. The results are documented in the appendix (see Table 49). Based on the 
correlation analysis, 29 strong (correlation coefficient 0.6 < x ≤ 0.8) and 3 very strong correlations (correlation 
coefficient 0.8 < x ≤ 1.0) were identified and clustered according to their origin and the literature’s main 
complexity driver categories (see Table 18). Strong correlations between different complexity drivers occur in 
the following categories: Society complexity, demand complexity, general market-related complexity, 
technological complexity (external and internal), supply complexity, target complexity, customer complexity, 
product and product portfolio complexity, product development complexity, production complexity, process 
complexity, as well as planning, control and information complexity and organizational complexity. Beyond, 
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in the 2 categories process complexity and planning, control and information complexity, very strong 
correlations occur between the different complexity drivers process degree of cross-linking and amount of 
process interfaces, information flow’s dynamics and variety, as well as company’s control level of detail and 
requirements of company’s control. Overall, the correlation analysis provides 2,080 correlations, however 88.9% 
are weak correlations (correlation coefficient 0.2 < x ≤ 0.4). Only 6.5% are medium correlations (correlation 
coefficient 0.4 < x ≤ 0.6) and 1.4% strong correlations. 
Table 18: Overview about the strong and very strong correlations between different complexity drivers 
Main complexity driver 
category 
Correlation between the specific complexity drivers 
Corre-
lation 
Society complexity Ecological conditions/factors ↔ Environmental awareness in population strong 
Demand complexity &  
General market-related complexity 
Individuality of customer demands ↔ Variety of customer requirements strong 
Technological complexity (external) Technological innovations & availability ↔ Technological progress strong 
Supply complexity 
Amount of suppliers ↔ Variety of supplied goods strong 
Supply strategy or concept ↔ Amount of suppliers strong 
Uncertainty of delivery date ↔ Quality uncertainty of delivered goods strong 
Target complexity Business objective’s change frequency ↔ Amount of different targets strong 
Customer complexity Customer structure ↔ Customer’s amount strong 
Product & product portfolio 
complexity 
Product variety ↔ Product range/Portfolio strong 
New product launch’s frequency ↔ Product portfolio change frequency strong 
Variety of parts and modules ↔ Product structure/design strong 
Variety of the applied materials ↔ Variety of parts and modules strong 
Properties of modules and materials ↔ Availability of materials or components strong 
Technological complexity (internal) 
Technology’s complicacy ↔ Number of different applied technologies strong 
Technology’s combination ↔ Number of different applied technologies strong 
Technology’s combination ↔ Technology’s complicacy strong 
Technology life cycle length ↔ Technology’s combination strong 
Product development complexity Data processing system ↔ Product software strong 
Production complexity Production system ↔ Vertical range of manufacture strong 
Process complexity 
Amount of process interfaces ↔ Variety of processes strong 
Process degree of cross-linking ↔ Variety of processes strong 
Process standardization ↔ Process degree of cross-linking strong 
Planning, control and information 
complexity & Process complexity 
Information flow’s variety ↔ Process degree of cross-linking strong 
Information flow’s variety ↔ Process’ standardization strong 
Information flow’s dynamics ↔ Process degree of cross-linking strong 
Organizational complexity 
Organization’s/Company’s size ↔ Amount of hierarchical levels strong 
Amount of simultaneous processes ↔ Amount of simultaneous projects strong 
Process complexity Process degree of cross-linking ↔ Amount of process interfaces very strong 
Planning, control and  
information complexity 
Information flow’s dynamics ↔ Information flow’s variety very strong 
Company’s control level of detail ↔ Requirements of company’s control very strong 
 
Based on the correlation analysis, a factor analysis with varimax rotation was applied for complexity driver’s 
aggregation. We used the statistic software SPSS 21 to perform the factor analysis and to list the eigenvalues 
associated with each linear component (factor) before extraction, after extraction and after rotation (see 
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appendix Table 50). Before extraction, 64 linear components (factors) are identified within the data set. In this 
case, the amount of eigenvectors are the same as variables and so there will be as many factors as variables. 
The eigenvalues are associated with each factor and represent the variance, which is explained by that 
particular linear component (Field, 2005, pp. 632-634). In our study, factor 1 explains 25.276% of total variance. 
To identify the relevant amount of factors, which explains cumulative more than 50%, we extract only factors 
with eigenvalues greater than 2. All factors with eigenvalues of 2 and less are ignored. For optimizing the factor 
structure, we used the varimax rotation. As a result of our factor analysis, we identified 7 factors, reflecting 
the complexity drivers. The identified factors clarify 51% of the 64 complexity drivers, thus these factors are 
important for a company’s complexity management. The first factor describes a company’s complexity. Product 
and technology complexity load onto the second factor. The third and fourth factor reflect the customer 
complexity and the market complexity. Supply complexity loads onto the fifth factor. The sixth factor describes 
environmental and society and the seventh factor describes company’s target complexity. Table 19 presents an 
overview about the identified factors und their factor load’s ranges. Factor loadings are required for factor’s 
interpretation. The factor loadings are described in detail in the appendix (see Table 51). 
Table 19: Overview about the identified factors, factor load’s range and 
the amount of aggregated complexity drivers 
Factor Reflecting complexity driver 
% of Variance 
(Initial Eigenvalue) 
Factor load’s range 
Amount of aggregated 
complexity drivers 
#1 Company’s complexity 25.276 0.76 – 0.54 15 
#2 Product and technology complexity 6.021 0.67 – 0.42 16 
#3 Customer’s complexity 4.809 0.71 – 0.44 8 
#4 Market complexity 4.375 0.69 – 0.35 9 
#5 Supply complexity 3.718 0.75 – 0.66 5 
#6 Environmental and society complexity 3.438 0.84 – 0.37 6 
#7 Target complexity 3.397 0.69 – 0.45 5 
Total:  51.034  64 
 
For a target-oriented complexity management, the complexity drivers and their influences have to be identified. 
In literature, complexity drivers have a direct influence on the company and the total value chain (Schuh, 
2005, pp. 8-19) and are responsible for high complexity in the company. Furthermore, they have an influence 
on a company’s performance, especially on product development. To respond to RQ5, we developed a 
framework for identification, analysis and evaluation of the complexity effects in product development in our 
empirical research. The framework is developed based on the general framework, presented in Figure 10, and 
the different examples, which are described in literature (see subsection 4.2.2). In this research, 18 different 
effects on product development, which are clustered in the 4 categories time, quality, costs and flexibility, were 
evaluated by the respondents with an ordinal scale (1 - no effect; 2 - small effect;…; 5 - strong effect; 6 - very 
strong effect). The effects, which are evaluated by more than 50% of the respondents with a strong or very 
strong impact on product development’s performance, were identified as the main effects.  
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Table 20 presents the identified main effects in product development, the amount of respondents in the different 
fields of industry (Nresp) and the amount of respondents of our survey that evaluated these effects as strong or 
very strong in the different fields of industry (N). As a result of our empirical research and based on the 
evaluation results in the different fields of industry, high complexity has mostly a strong or very strong effect 
on the following 4 attributes (see Table 20): Product development time (N: 155; 53%), adherence to deadlines 
in product development (N: 128; 43%), product quality (N: 95; 32%) and product development’s costs in general 
(N: 123; 42%). High complexity has a strong effect on the development time in nearly all industry branches. 
Furthermore, high complexity has more effects in technical industries than in other fields of industry. The most 
important attributes in technical industries are product development time, adherence to deadlines in product 
development, product quality, product development’s direct costs and product development’s costs in general. 
In the resource industries, high complexity has a strong or very strong effect on the attributes product 
development time and adherence to deadlines in product development and thus these attributes are most 
important for complexity management. In the consumer goods industries, only 1 attribute is highly influenced 
by complexity and important for complexity management: Product development time. 
To answer the fifth research question, a correlation analysis between the complexity drivers and the effects 
was conducted. Based on the results, only weak correlations were identified. Thus, the results were not taken 
into account. 
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Table 20: Overview of the identified main complexity effects in product development and 
in different fields of industry 
Explanation: 



























































































































































High complexity in product 
development has a strong or  






























































    
128 
(43%) 




          
12 
(4%) 
time for product’s validation 
13 
(54%) 
















   
94 
(32%) 
process’ balance             
process planning and  
controlling 
            
process size for quality check             
Costs 





















     
7 
(54%) 
    
19 
(6%) 
product development’s   


















































product design flexibility             




          
12 
(4%) 
temporal flexibility on  
product development content 
13 
(54%) 











Total amount of effects  
based on complexity: 
13 4 6 3 3 2 6 2 2 2 1 14 
 
  
120 4 Complexity drivers in product development: A comparison between literature and empirical research 
 
4.4.3 Comparison between literature and empirical results 
Answering the sixth research question, the empirical findings about complexity drivers in product development 
are compared with the literature findings to identify commonalities and differences. The objective is to confirm 
or to refine existing scientific knowledge or theories and to identify further research gaps.  
In literature, 108 different complexity drivers in product development are described in total between 1998 and 
2015 (NLit. T) (see Figure 15 and Table 14). In our research, only the complexity drivers, published before 2015, 
were considered (NLit. 1998-2014), because the empirical research started already in 2014. For comparing the 
literature and empirical results, the complexity drivers, published in 2015 (NLit. 2015), were also considered. For 
the pretest (NPretest T), we used the complexity drivers, which were already mentioned in literature before 2015 
and added additional drivers from other fields along the value chain (NVC). Our pretest resulted in 59 
complexity drivers, which were considered truly relevant by the pretesters (Nrel.). Furthermore, the experts 
mentioned 5 additional important and relevant complexity drivers (NExperts). Thus, our final questionnaire 
comprised 64 complexity drivers in total (NQuestionnaire T). As a result of our empirical research, the respondents 
regarded 30 different complexity drivers as drivers that have a strong or very strong influence in principle 
(Neval.). Based on these drivers, different main complexity drivers in the different fields of industry are identified 
(see Table 17). Furthermore, some industries are influenced by more complexity drivers than other industries. 
 
Figure 15: Comparison of literature findings versus empirical findings regarding 
complexity drivers in product development 
Literature review
according to
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In summary, 108 different complexity drivers are described in literature (see Figure 15). In contrast, 30 
complexity drivers with a strong or very strong influence on product development were mentioned by experts. 
These drivers can be separated in 14 external, 9 internal correlated and 7 internal autonomous drivers. 
Furthermore, 6 main complexity drivers were identified. No further complexity drivers were mentioned in our 
final empirical research. The different complexity drivers, which were mentioned by the experts are described 
in Table 17 (see subsection 4.4.2). 
In literature, the main complexity drivers are mostly related to internal complexity (see Table 14). Thus, the 
origin of complexity is seen mainly inside the company itself. In contrast, the identified complexity drivers 
from the empirical research are mostly related to external complexity. In practice, complexity is regarded as a 
condition, which is mostly influenced from outside. The reason may be that companies can influence and handle 
internal complexity actively, thus we come to the conclusion that the companies are aware of it. Contrary to 
internal complexity, external complexity cannot or nearly cannot be influenced by the company itself and is 
often unknown. Thus, the respondents consider the complexity phenomenon as an external source and want to 
receive additional information regarding external complexity drivers to increase their knowledge.  
There were some major differences between our research and literature regarding specific complexity drivers, 
as well as driver categories and their influence on company’s complexity. In literature, organizational 
complexity is described as an important driver for company’s complexity (see Table 14, subsection 4.2.2). In 
our empirical research, we found out that the organization and its complexity does not have a major influence 
on company’s complexity (see Figure 14, subsection 4.4.1). The same could be found regarding the complexity 
driver categories technological complexity (external and internal), product and product portfolio complexity, 
as well as product development complexity and their specific drivers (see Table 14, subsection 4.2.2). In 
literature, these categories and their specific drivers are also described as important sources for company’s 
complexity. However, in our research, the respondents classified these categories and their specific drivers not 
as important and relevant sources for managing company’s complexity (see Table 17, subsection 4.4.2).  
From scientific perspective, this comparison allows a concentration on the most important complexity drivers 
(see Table 17). Furthermore, the differences between literature and practice regarding specific drivers and 
driver categories are pointed out. From practical perspective, this comparison allows not only an insight about 
the drivers, known in literature, but also about the drivers that are considered important by other practitioners 
from other fields of industry. This overview increases transparency for the practitioner. 
Further research should analyze the differences between theory and practice more in detail and the empirical 
findings should be used for further discussions und evaluations in literature. In addition, the companies should 
compare and evaluate their complexity drivers with those described in literature to question their own identified 
complexity drivers. 
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4.5 Conclusion, outlook and limitations 
The objective of this empirical research is to develop additional knowledge for science and practice by 
identifying and analyzing existing complexity drivers in science and practice in the field of product 
development. Furthermore, the results are compared with the literature findings to identify commonalities and 
differences and to identify further research gaps. 
In the first step before starting our empirical study, we reviewed the literature regarding complexity drivers 
and their effects (see subsection 4.2.2). Next, we searched for previously existing empirical studies regarding 
complexity management and gaps in literature (see subsection 4.2.3). Our literature search resulted in 72 
empirical studies regarding complexity management. As a result of analyzing all previous empirical studies, 
only 6 studies are focused on product development. Furthermore, we found out that an empirical research in 
the field product development in manufacturing companies in Germany, including the identification and 
analysis of complexity drivers and their effects does not exist yet. In this chapter, we want to close this gap. 
For our empirical research, we used the methodology of Flynn et al. (1990, pp. 253-255). In the section 4.3, the 
research methodology, the objectives, the sample description and the methods for statistical analysis are 
described. For data collection, a standardized questionnaire, consisting of 15 questions and a fixed response 
possibility, was sent in 2 stages by e-mail to 3,086 companies in 2015 and 2016. Only companies with more 
than 50 employees and located in Germany were selected. In total, 295 questionnaires were completed. The 
response rate resulted in 10.5%. Industry’s range contained 11 different fields of industry. For this empirical 
research, we determined 4 empirical research questions, which were answered as follows. 
Answering the first empirical research question (RQ3), product development’s characteristics of the 
participating companies are analyzed regarding product and variant range; length of product life cycle and 
product development process; amount of applied components, materials, technologies and processes; the height 
of the own value adding percentage, as well as organization’s influence on product development’s complexity. 
The results are described in detail in subsection 4.4.1. 
For answering the second empirical research question (RQ4), the empirical data regarding complexity drivers 
was analyzed and evaluated. Complexity drivers have an influence on a company’s complexity and are the 
basis for a target-oriented complexity management. Based on the statistical analysis, some industries are 
influenced by more complexity drivers than other industries. For example, the automotive industry is influenced 
by 12 complexity drivers. In contrast, the chemical & pharmaceutical industry is influenced by only 6 drivers. 
Furthermore, some complexity drivers are more important than other drivers, because these drivers occur in 
most fields of industry. These include the complexity drivers market’s economic factors, variety of customer 
requirements, individuality of customer demands, number and strength of competitors, product range/portfolio 
and amount of simultaneous projects (see Table 17). 
As a further result, complexity in product development is mostly influenced by external complexity drivers. 
We also found out that different fields of industry are influenced by individual main complexity drivers. For 
example, the technical industries are characterized by the 6 main complexity drivers market’s economic factors, 
variety of customer requirements, individuality of customer demands, number and strength of competitors, 
4 Complexity drivers in product development: A comparison between literature and empirical research 123 
 
product range/portfolio and amount of simultaneous projects. In contrast, the resource industries are influenced 
by 5 complexity drivers: Variety of customer requirements, individuality of customer demands, political 
framework conditions, demand’s dynamics, as well as technological progress. 
It was surprising that the respondents did not evaluate the complexity driver categories technological 
complexity (external and internal), product and product portfolio complexity, as well as product development 
complexity and their specific drivers with a strong or very strong influence on product development’s 
complexity, although product development is characterized by these categories. 
To identify the relationships and interdependencies between the different complexity drivers, a correlation 
analysis was conducted. As a result of this analysis, strong correlations between different complexity drivers 
occur in the categories society complexity, demand complexity, general market-related complexity, 
technological complexity (external and internal), supply complexity, target complexity, customer complexity, 
product and product portfolio complexity, product development complexity, production complexity, process 
complexity, as well as planning, control and information complexity and organizational complexity. Beyond, 
very strong correlations occur between the 2 categories process complexity and planning, control and 
information complexity. Based on the correlation analysis, a factor analysis with varimax rotation was used 
for complexity driver’s aggregation. The factor analysis was performed by the statistic software SPSS 21. As a 
result of the factor analysis, 7 factors were identified, reflecting the complexity drivers: Company’s complexity, 
product and technology complexity, customer’s complexity, market complexity, supply complexity, 
environmental and society complexity, as well as target complexity.  
Next, complexity driver’s influences on product development’s complexity in the 4 categories time, quality, 
costs and flexibility were analyzed (see Table 20) to answer the third empirical research question (RQ5). As 
a result of our empirical research, high complexity has mostly a strong or very strong effect on the 4 attributes 
product development time, adherence to deadlines in product development, product quality and product 
development’s costs in general. Also, high complexity has a strong effect on the development time in nearly all 
industry branches. Furthermore, high complexity has a stronger effect in technical industries than in others. 
In the technical industries (e.g. automotive or engineering), the most important attributes are product 
development time, adherence to deadlines in product development, product quality, product development’s 
direct costs and product development’s costs in general. In the resource industries (e.g. petroleum & plastics 
or glas, ceramic, pit & quarry), high complexity has a strong or very strong effect on the attributes product 
development time and adherence to deadlines in product development and is thus most important for 
complexity management. In the consumer goods industries (e.g. food, forage & tobacoo or clothing & textile), 
only 1 attribute is highly influenced by complexity and important for complexity management: Product 
development time.  
Answering the last empirical research question (RQ6), the empirical findings about the complexity drivers are 
compared with the literature findings to identify the significant differences and commonalities (see subsection 
4.4.3). In literature, 108 different complexity drivers are described in total without prioritization by the authors. 
In contrast, in our empirical study only 30 complexity drivers with a strong or very strong influence on product 
development are mentioned and prioritized by experts. 
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Summarizing the results of our empirical research, we developed some additional knowledge regarding 
complexity management, as well as its drivers and effects in product development for science and practice. 
From scientific perspective, we connected scientific research with the real world by conducting a transparent, 
systematic, explicit and reproducible empirical research. Further, we compared the empirical results with 
literature to identify commonalities and differences and to close a currently existing gap in scientific literature, 
since no empirical research regarding complexity drivers and their effects in product development exists yet. 
In our empirical research, we found out that 30 complexity drivers with a strong or very strong influence on 
product development and 4 effects of high complexity are mentioned by experts. In literature, 108 different 
drivers and 18 effects are described without prioritization. Further, the experts stated that complexity in 
product development is mostly influenced by external complexity drivers. In literature, complexity in product 
development is mostly influenced by internal drivers. This draws to the conclusion that internal drivers are 
not considered as problems, because these drivers can be handled by the company itself, whereas external 
complexity drivers cannot be influenced by the company itself and are therefore regarded more as problems. 
Thus, the practitioners need more and specific information about these drivers. Regarding organization’s 
influence on product development’s complexity, the authors in literature came to the conclusion that organi-
zation has a direct influence. In our research, the respondents specified that the organization has no negative 
influence on product development’s complexity. Based on these results, the researcher receives an overview 
about what is already known in practice and can confirm theoretical findings or can develop new ideas, theories 
or hypotheses.  
From practical perspective, the practitioners receive an overview about complexity perception in product 
development by other practitioners and from other fields of industry. In our research, we found out that product 
development’s characteristics in the different fields of the German manufacturing industry are characterized 
by a medium and big product and variant range with a product life cycle length of more than 72 months. In 
contrast, the length of product development process is less than 25 months. The products predominantly consist 
of many different components, materials and technologies and the product development process consists of 
many different processes. Relating to company’s own value adding percentage in product development, there 
was no explicit recognizable tendency. Regarding the complexity drivers in product development, we found out 
that some industries are influenced by more complexity drivers than other industries. For example, the 
industries automotive, petroleum & plastics and food, forage & tobacco are influenced by 12 different 
complexity drivers. In contrast, the electrical & optics industry or the chemical & pharmaceutical industry are 
influenced by only 6 drivers. Furthermore, the following drivers are identified as important drivers for product 
development’s complexity in most fields of industry: Market’s economic factors, variety of customer 
requirements, individuality of customer demands, number and strength of competitors, product range/portfolio 
and amount of simultaneous projects. Seperating the results according to the different fields of industry, it can 
be seen that the different industry clusters are characterized by a specific amount of important complexity 
drivers: Technical industry (N: 6), resource industry (N: 5) and consumer goods industry (N: 5). Based on a 
factor analysis, the complexity drivers were aggregated to 7 factors, which reflect the complexity drivers: 
Company’s complexity, product and technology complexity, customer’s complexity, market complexity, supply 
complexity, environmental and society complexity, as well as target complexity. This aggregation helps the 
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practitioners to focus their activities regarding complexity management in product development on these 
specific complexity sources within the company. Another purpose of this research was to analyze the effects of 
high complexity on product development to give the practice a specific indication. In our research, we identified 
4 different effects in the categories time, quality and costs and over all fields of industry: Product development 
time, adherence to deadlines in product development, product quality and product development’s costs in 
general. Within the different fields of industry, the results can deviate. This overview increases transparency 
and helps the practitioner to answer the questions “What complexity drivers have a high influence on product 
development’s complexity and are thus relevant for the company?” and “What effects does high complexity 
within the company have on product development?”. 
As already mentioned, further research is needed to analyze and explain the differences between literature and 
practice. Based on our empirical findings, further discussions and evaluations can be performed in literature. 
Our research was focused on the manufacturing industry of Germany in 2015 and 2016. Future research may 
also include other countries and sectors, as well as companies with less than 50 employees. It would be 
interesting to compare the empirical results from our study with the results from a further study, which is 
conducted in other fields of industry or countries/regions. Furthermore, the development of complexity drivers 
and their importance for a company over time would also be interesting. Therefore, the same empirical research 
should be repeated in the future (e.g. 5 to 10 years) to identify differences and commonalities of complexity 
driver’s perception between now and the future. 
 
  
126 5 Single approaches for complexity management in product development: An empirical research 
 
5 Single approaches for complexity 
management in product development: 
An empirical research 
5.1 Introduction 
Companies in high-technology marketplaces are confronted with technology innovations, dynamic market 
environment, market’s globalization, increasing number of demanding customers and uncertainty. These are 
trends that manufacturing companies cannot escape (Voigt et al., 2011, p. 1; Miragliotta, Perona and Portioli-
Staudacher, 2002, p. 382; Perona and Miragliotta, 2004, p. 103). According to ElMaraghy and ElMaraghy 
(2014, p. 1), “increasing global competition makes it necessary to generate wealth by being more competitive 
and offering goods and services that are differentiated by design and innovation”. For company’s success, it is 
fundamental to design and manufacture new products quickly and bring them to market with customer’s 
individual settings (Lübke, 2007, pp. 2-3, ElMaraghy and ElMaraghy, 2014, p. 1). Customer’s individual needs 
and the increasing global competition are the reasons, why many companies are present in the market with a 
diversified product portfolio (ElMaraghy and ElMaraghy, 2014, p. 1). In consequence, the companies cope with 
these trends by developing new product variants, which lead to an increased complexity in the company (Brosch 
and Krause, 2011, p. 1) and especially in product development (Kim and Wilemon, 2012, p. 1). For developing 
new product variants, resources are required (Wleklinski, 2001, p. 27, Bohne, 1998, pp. 9-10), which have to 
be procured (Vogel, 2017, p. 92). In product development, the amount of required resources is associated with 
the amount of product variants and product development’s complexity (Bohne, 1998, pp. 9-10). According to 
Wleklinksi (2001, p. 27), development project’s success is connected with the amount of available resources. 
Procurement’s objective is to provide all required objects for the company, which are not produced by itself 
(Arnold, 1997, p. 3). Procurement’s effort is connected with the amount of required resources (Franke and 
Firchau, 2001, p. 9). Thus, resources and their procurement become a central role for product development 
and company’s success (Vogel, 2017, pp. 84, 92). 
Increasing complexity is one of the biggest challenges that manufacturing companies have to face today 
(ElMaraghy et al., 2012, p. 793). In addition, increasing complexity is often related to increasing costs (Meyer, 
2007, p. 94). Complexity is a phenomenon and evolutionary process, which presents a challenge, especially for 
science and engineering. Complexity is characterized through change, choice and selection, as well as perception 
and progress. Furthermore, complexity is intensified through innovations in products and processes (Warnecke, 
2010, p. 639). Originally, the term “complexity” comes from the Latin word “complexus”, which signifies 
“extensive, interrelated, confusing, entwined or twisted together” (ElMaraghy et al., 2012, p. 794; Grübner, 
2007, pp. 40-41; Gießmann, 2010, p. 30). In literature, many different definitions for the term “complexity” are 
presented, because the meaning is vague and ambiguous. However, an explicit, universal and widely accepted 
definition does not exist (Brosch and Krause, 2011, p. 2; ElMaraghy et al., 2012, p. 794).  
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Product development is an important source to be competitive and to gain a competitive advantage over other 
business firms (Schaefer, 1999, p. 311). During the product development process, 80% of product costs are 
defined (Bayer, 2010, p. 89). Furthermore, the corresponding processes for production and procurement are 
determined (Dehnen, 2004, p. 26; Lübke, 2007, pp. 70-71; Bick and Drexl-Wittbecker, 2008, pp. 70-71). 
According to Schulte (1992, pp. 86-87), increasing complexity, especially in product development, leads to 
increasing costs in all parts along the value chain. Over the last years, product development’s relevance has 
changed significantly and became a central importance in a company’s strategy (Davila, 2000, p. 383). 
According to Bick and Drexl-Wittbecker (2008, p. 20) and Davila (2000, p. 386), product development is one 
of the most complex tasks and uncertain processes in the company. Product development’s objective is “to 
translate an idea into a tangible physical asset” (Davila, 2000, p. 385). Complexity in product development has 
continuously increased in the last years (Lübke, 2007, pp. 1-4; Krause, Franke and Gausemeier, 2007, pp. 3-4; 
ElMaraghy et al., 2012, pp. 793-797) and has the biggest influence on a company’s complexity (Krause, Franke 
and Gausemeier, 2007, pp. 3-4, 23). Managing company’s complexity is a strategic issue to be competitive 
(Miragliotta, Perona and Portioli-Staudacher, 2002, p. 383). In literature, several objectives and strategies 
(Wildemann, 2012, p. 69), as well as a vast number of different single approaches for managing complexity are 
described (Gießmann, 2010, pp. 57-70). 
For a target-oriented and effective complexity management, information is needed. In principle, the information 
needed can be gathered through scientific research, especially literature research, or empirical research. To 
compare literature results with the real world, empirical studies are conducted. During the last 15 years, several 
empirical studies regarding complexity management were conducted in various fields of industry and 
regions/countries and are focused on different fields in the company and along the value chain. Previous 
empirical studies regarding complexity management in the field product development have been done by  
6 different authors. However, none of the previous empirical studies regarding complexity management in 
product development concerns specific approaches for complexity management in product development. 
Furthermore, the previous empirical studies do not compare their results with literature. As a result of this, 
we want to close this research gap by our empirical research to verify scientific findings and to compare the 
literature and the empirical results to identify commonalities and differences.  
This research is structured as follows: In section 5.2, an overview about the research methodology is given and 
a literature overview about the different single approaches, which are applied for managing company’s 
complexity and their objectives, is presented. Furthermore, the existing empirical researches in the field of 
complexity management are described and analyzed to identify gaps in literature. Section 5.3 is focused on the 
empirical research and represents the research methodology and objectives, questionnaire’s design, as well as 
the data collection methodology and sample description. In section 5.4, the empirical findings are described. In 
the first part, the sample results and the data validation are presented. The second part gives an overview 
about the results regarding the single approaches for managing complexity and their targeted strategies. In the 
last part of section 5.4, the empirical findings are compared with the existing literature results to identify 
commonalities and differences. Section 5.5 concludes the study by answering the research questions. 
Furthermore, the research gap is closed with implications for future research. 
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5.2 Literature review 
5.2.1 Research methodology and boundary definition 
The purpose of this chapter is to compare literature’s findings regarding specific single approaches for 
complexity management with the real world to increase transparency and knowledge by identifying similarities 
and differences. For data collection, an empirical study in the manufacturing industry of Germany was 
conducted. In literature, a vast number of different single approaches for managing variety and complexity are 
described (Gießmann, 2010, p. 56). Single approaches are methods or tools, used for structuring or dealing with 
a task, situation or problem (Oxford Living Dictionaries, 2017a; Dictionary, 2017; Lindemann and Baumberger, 
2006, pp. 7-9; Kieviet, 2014, pp. 2, 44; Krause, Franke and Gausemeier, 2007, p. 9; Wildemann, 1998, p. 55). 
They are considered as an entity on its own and have no interrelations with other approaches. Further, the 
approaches are focused on specific objectives and strategies (e.g. complexity reduction or avoidance) to solve a 
problem in the company and to achieve a long-term or overall aim (Lindemann and Baumberger, 2006, p. 9; 
Cambridge Dictionary, 2017; Oxford Living Dictionaries, 2017b).  
In the first step before starting an empirical research, the existing literature and empirical studies must be 
reviewed. For the literature review, we used the methodology of Fink (2014, p. 3) and determined the following 
3 research questions: 
■ RQ 1:  What different single approaches for complexity management currently exist in scientific literature? 
■ RQ 2:  What focus and objectives do the existing single approaches have? 
■ RQ 3:  What empirical studies in the field of complexity management in general and regarding specific 
   complexity management single approaches currently exist in scientific literature? 
In the next step, we defined the right search terms and databases. The search terms are formulated with a 
particular grammar and logic and are based on the research questions. In our literature research, we searched 
in English- and German-language literature and databases to extend the amount of relevant literature. The 
finalized search terms are created through an iterative process, starting with 1 key word and adding more, 
inclusive all potential synonyms of the particular key words in order to identify all important literature sources. 
According to Vogel and Lasch (2016, p. 5) and Vogel (2017, p. 95), the literature research was performed in 
the following 8 English and German databases, which are specialized in science and economics: EBSCOhost, 
Emerald, GENIOS/WISO, Google Scholar, IEEE Xplore, JSTOR, ScienceDirect and SpringerLink. The time 
period was restricted between 1900/01/01 and 2015/12/31, because our empirical study was performed in the 
years 2015 and 2016 and we want to compare the empirical results with the existing literature in the same 
time period.  
The literature search resulted in a certain amount of literature sources, including research papers from journals, 
conference proceedings, books, essays and PhD theses. The specific amount of literature sources regarding the 
2 issues are presented as follows: Single approaches for complexity management (130,722 literature sources) 
and empirical studies in the field complexity management (26,699 literature sources). However, several 
literature sources were found multiple times.  
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To identify the relevant literature sources, the existing literature was analyzed, evaluated and synthesized 
based on the aforementioned research questions by using qualitative data analysis techniques. According to 
Fink (2014, p. 5), literature research always accumulates many publications, but only a few are relevant for 
scientific research. Thus, it is necessary to synthesize the results to identify the relevant literature sources. For 
the qualitative data analysis, we followed the methodology of Vogel and Lasch (2016, p. 6), which is described 
in detail in their publication. The results are described in the following subsections 5.2.2 and 5.2.3. 
5.2.2 Single approaches for managing complexity 
As already mentioned, the researched literature was analyzed and synthesized based on the qualitative content 
analysis techniques and the aforementioned research questions. The synthesizing process resulted in 288 
relevant literature sources in the time period between 1962 and 2015 (see Table 52 and 53 in the appendix). 
In literature, a vast number of different single approaches for managing complexity in the company and along 
the value chain (including the fields product development, procurement, production, logistics, etc.) with specific 
purposes (e.g. complexity reduction or avoidance) are described. As already mentioned, a single approach is a 
method, which is focused on a specific strategy and is used for structuring or dealing with a task or situation 
in a company to solve a problem or to achieve a particular objective.  
Generally, the approaches can be divided in 4 overall categories according to their focus: Product, product 
portfolio, process and organization (Lasch, 2014, pp. 216-228; Gießmann, 2010, pp. 57-70; Gießmann and Lasch, 
2011, pp. 11-20). According to literature, the most important approaches in each category are presented and 
discussed as follows: 
Approaches, focused on product, can be differentiated in 2 purposes: Product splitting or product bundling. 
However, the 2 types stand in no competition to each other. The right combination of both can help the 
company to achieve potentials (Wildemann, 2013, p. 148). Modular concept, modular system, standardization 
and differential construction are focused on product splitting. The approaches using same parts, platform 
concept and integral construction are focused on product bundling (Wildemann, 2013, p. 148; Gießmann, 2010, 
p. 57). The objective of modular concepts is to separate the product in independent and standardized 
components, modules or assembly units, called subsystems (Göpfert and Steinbrecher, 2001, pp. 353-356; Piller 
and Waringer, 1999, pp. 37-40). The subsystems can be substituted at any time (Piller and Waringer, 1999, 
pp. 38-39). Baldwin and Clark (2000, p. 63) define a module as a “unit whose structural elements are powerfully 
connected among themselves and relatively weakly connected to elements in other units”. The modular concept 
is the basis for other approaches, such as modular system and platform concept (Lindemann and Maurer, 2006, 
p. 43). A modular system is characterized by 1 or more base plates, on which different mounting parts can be 
assembled (Rapp, 1999, p. 52). Modular system and the modular concept are similar, but the modular concept 
has no base plate (Zich, 1996, p. 40). Standardization is used to reduce the variety on the level of product 
(Jeschke, 1997, p. 22). The objective is to standardize objects (Maune, 2001, pp. 25-26; Bohn, 2009, p. 232). 
Components that have optical or technological differences, but the same function, can be substituted by 
identical elements (Wildemann, 2013, pp. 143-146, 155-160). In differential construction, the components are 
separated in different component parts to increase the amount of same parts (Ehrlenspiel, 1995, p. 419; Schuh 
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and Schwenk, 2001, p. 79). The opposite of differential construction is integral construction. The objective is 
to combine different parts to 1 component to reduce variety (Ehrlenspiel, 1995, p. 419; Schuh and Schwenk, 
2001, p. 80). Further product bundling strategies are the platform concept and using same parts. Using same 
parts is the overall use of standardized parts in the product (Stang, Hesse and Warnecke, 2002, p. 110). 
Contrary to the standardization, the concept using same parts reduces functionally different parts or devices 
to 1 identical part or material basis (Bliss, 2000, p. 42). The objective of a platform concept is to use same 
parts in different product lines, brands or product life cycles. The platform concept is a special case of the 
modular concept (Ley and Hofer, 1999, p. 57). It consists of a summary of components, functions and interfaces, 
which are standardized over the whole product family (Schuh and Schwenk 2001, p. 87, Schuh, 2005, p. 133). 
Focused on product portfolio, 3 different approaches can be used for managing complexity in the company: 
Packaging, reducing product range and reducing of customers. Packaging’s objective is to reduce the product 
portfolio complexity by limitation of product’s configuration possibilities (Bliss, 2000, p. 40; Schuh and 
Schwenk, 2001, p. 83). For packaging, a fixed combination of layout properties is built from several functions 
or modules (Schuh, 1989, p. 59). Another approach for reducing the product portfolio and its complexity is to 
reduce the product range. Products with high complexity and low benefit are removed from the portfolio (Bliss, 
2000, pp. 39-40; Kirchhof, 2003, p. 116). An alternative for reducing the product portfolio is to reduce the 
number of customers. Certain customers or groups of customers are not supplied in the future (Bliss, 2000, 
p. 41). In certain situations, the approaches reducing product range and reducing of customers are correlated 
directly (Gießmann, 2010, p. 64). 
In the category process, also 3 different approaches exist for complexity management: Postponement concept, 
standardization of processes and modularity of processes. The postponement concept is based on shifting the 
order penetration point to the end of the value chain (Klug, 2010, pp. 55-56; Gießmann, 2010, p. 64, Köster, 
1998, pp. 82-83). Company’s performance process, especially the production process, is separated in 2 parts: 
Order neutral and order related. Ideally, the order penetration point should be located at the transition point 
between order neutral and order related processes (Köster, 1998, pp. 82-83). The standardization of processes 
is an approach for coordinating future situations by providing a concrete solution (Dehnen, 2004, pp. 154-155). 
It is used in often recurring and less diversifying processes. For reducing process complexity, the inputs and 
outputs, the work flow, as well as the interfaces are fixed and standardized (Meyer, 2007, p. 63). The process 
modularity is based on dividing a large process into smaller sub-processes. They can be designed and operated 
independently, while the sub-processes ensure that the whole process fulfills its objectives (Blecker and 
Abdelkafi, 2006a, p. 77; Abdelkafi, 2008, pp. 152-154). In literature, further single approaches, such as sourcing 
strategies, production segmentation or self-monitoring control cycles (kanban systems), exist in the category 
process. However, these single approaches are out of focus in our empirical research, because we focused our 
research on approaches for complexity management in the field of product development. According to 
Wildemann (1998, pp. 60-61), Reiners and Sasse (1999, pp. 230-231), Bliss (2000, pp. 45-54), Klug (2010, pp. 
67-68, 117-124), Gießmann and Lasch (2011, pp. 17-20), Reiss (2011, p. 78) and Wildemann (2012, 
pp. 223-229), these approaches are focused more on logistics, production and procurement than on product 
development. 
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The approaches, focused on organization, can be subdivided in delayering and empowerment. Delayering is 
characterized by reducing the levels of hierarchy in the company to increase the work and information flow. 
Espinosa, Harnden and Walker (2007, pp. 334-335, 340-344) argue that companies with strong hierarchical 
structures have problems with managing dynamic environmental complexity. Another approach, focused on 
organization, is empowerment. The objective is to delegate decision-making authority to subordinated 
hierarchies or operational levels to reduce coordination and organizational complexity (Bliss, 2000, pp. 49-50; 
Meffert, Burmann and Kirchgeorg, 2012, p. 314; Adam and Rollberg, 1995, pp. 667-669). 
As a result of our literature research, the mentioned approaches are applied for 6 different purposes, called 
complexity strategies: Complexity reduction, mastering, avoidance, outsourcing and increasing, as well as 
general for complexity management. Complexity reduction is based on a direct and short-term reduction of 
parts, products and processes (Wildemann, 2013, pp. 76-77). Mastering of complexity is characterized by 
effectively handling unavoidable complexity along the value chain. It has a medium-term to long-term focus 
(Wildemann, 2005, p. 36; Wildemann, 2013, pp. 76, 78). The strategy with the longest horizon is complexity 
avoidance. The objective is to avoid and prevent the generation of complexity early (Wildemann, 2013, pp. 76, 
79). The idea of complexity outsourcing is to displace complexity to an external business partner to reduce 
company’s internal complexity, costs and risks (Rosenberg, 2002, p. 192; Schönsleben, 2011, p. 72, Gabath, 
2008, p. 67). To complement the complexity strategies, the target-oriented increasing of complexity is also 
referred to in literature (Meyer, 2007, p. 35; Puhl, 1999, p. 23; Kirchhof, 2003, pp. 62-63). However, the 
complexity strategies outsourcing and increasing have less relevance in literature and practice (Schoeneberg, 
2014a, p. 21; Meyer, 2007, p. 35). Complexity acceptance is also mentioned in literature as a complexity 
strategy (Hasenpusch, Moos and Schwellbach, 2004, p. 137). However, in this research, complexity acceptance 
is not considered, because in literature no specific procedure has been pointed out for science and practice.   
To identify the main purpose (complexity strategy) of each approach, a literature analysis was performed based 
on the results of our literature research (see subsection 5.2.1).  
Table 21 presents the results of our literature analysis and gives an overview about the different approaches, 
the total amount of literature sources, which are concerned with the specific single approaches and the main 
purpose (complexity strategy) of each approach. Since several literature sources assign more than one purpose 
or strategy for a certain complexity management approach, the total amount of literature occurrence (see  
Table 21, last column) is higher than the total amount of literature sources (see Table 21, third column). The 
most often used complexity strategies are color-marked.  
For example, 158 authors describe modular concept as a complexity management approach. However, modular 
concept is assigned for the different complexity strategies 186 times. Modular concept is assigned in literature 
121 times for complexity reduction (65%), 36 times (19%) for complexity mastering and 20 times (11%) for 
complexity avoidance. Furthermore, modular concept is already assigned in literature for general complexity 
management (N: 9; 5%).  
As a result of this literature analysis, all approaches are mostly used for complexity reduction. Thus, this is 
the main complexity strategy regarding the single complexity approaches. An overview about the authors, the 
existing single approaches for complexity management in literature and the particular purposes is cited in the 
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appendix (see Table 52 and Table 53). Another result of our literature analysis is that literature focuses more 
and more on the different complexity management single approaches over time. Generally, the literature sources 
are published between the time period 1962 and 2015. However, the amount of publications regarding all single 
approaches has increased between 2005 and 2015. Thus, there is an increasing interest in science regarding the 
specific complexity management approaches over the last 10 years. For example, 110 publications (70%) 
concerning modular concept were published between 2005 and 2015. For the other approaches, the trends are 
analogously (see Table 52 and Table 53 in the appendix). 
Table 21: Overview about applied complexity management approaches, 
their purposes and literature occurrence 
Focus 













































































































































































































































































































Complexity strategy, which is mostly used in literature for a specific complexity management single approach (more than 50%) 
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5.2.3 Existing empirical studies in the field of complexity management and 
identification of gaps in literature 
Before starting an empirical research, it is important to review existing studies in the same or a similar scientific 
area to get an overview about their objectives, research methodologies and findings (Madu, 1998, pp. 354-355). 
According to Madu (1998), we performed a literature research to identify all existing empirical researches in 
the field of complexity management in manufacturing companies and especially regarding complexity 
management single approaches during the last years. The literature research was performed analogously to the 
literature research about the approaches for complexity management (see subsection 5.2.1). 
As a result of our literature research, we found 72 different empirical studies in the field complexity management 
in the time period between 1999 and 2015. The identified studies were analyzed and synthesized according to 
their content, research objectives, focus, field of industry, region/country, research period and applied data 
collection methodology. The empirical studies are focused on 8 different fields: General in manufacturing 
companies (N: 32; 44%), product development (N: 6; 8%), production (N: 3; 4%), logistics (N: 5; 7%), order 
processing/distribution/sale (N: 4; 6%), internal supply chain (N: 16; 22%), remanufacturing (N: 2; 3%) and 
other fields (N: 4; 6%). 
Previous empirical studies regarding product development have been done by 6 authors with different objectives 
between the time period 2005 and 2013: Li et al. (2005), Kim and Wilemon (2009; 2012), Newman (2009), 
Chronéer and Bergquist (2012) and Grussenmeyer and Blecker (2013). The empirical studies were conducted 
in different countries and fields of industry and the authors pursued different objectives as well. 
As a result of the analysis of the existing empirical studies regarding complexity in product development, as 
well as other fields (e.g. general in manufacturing companies, production, logistics, etc.), we come to the con-
clusion that an empirical research regarding specific single approaches for managing complexity in product 
development and their main objectives does not exist yet. In this chapter, we want to close the referred 
literature gap by presenting an empirical research in the field of product development in manufacturing 
companies in Germany. 
5.3 Empirical research 
5.3.1 Research methodology and objectives 
For our empirical research, we followed the methodology of Flynn et al. (1990, pp. 253-255) based on social 
sciences. Flynn et al. (1990, pp. 253-255) describe a 6-stage systematic approach for conducting an empirical 
research, starting with the determination of the theoretical foundation (see Figure 16). This helps the researcher 
to describe, what happens in the real world (Moody, 2002, p. 1). In stage II, the research design, which is 
applied to the research problem and the theoretical foundation, is selected (e.g. survey, single or multiple case 
study, etc.). Next, the data collection methods (e.g. questionnaire, interviews, historical archive analysis, etc.) 
and sample description for research’s implementation (e.g. sample industry and size, country, pilot testing, 
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etc.) are selected in the stages III and IV. Several data collection methods are described in literature. In 
principle, the existing methods can be used alone or can be combined for better results. However, the mostly 
used data collection method is the questionnaire (Flynn et al., 1990, pp. 258-259). Before preparing the research 
report for publication (stage VI), the collected data is processed and analyzed in stage V (Flynn et al., 1990, 
pp. 264-268). 
 
Figure 16: Six stage systematic approach for empirical research, developed by Flynn et al. 
To perform an empirical research, the research questions and objectives must be defined. In this case, we use 
an empirical research to document the current state in practice regarding the application of specific single 
approaches for complexity handling in the manufacturing industry of Germany. Furthermore, we compare the 
results from literature with the results from the real world to identify commonalities and differences. For our 
research, we determined 2 further research questions, focused on our empiricism (called empirical research 
questions) to close the research gap: 
■ RQ 4: What single approaches are applied for complexity management in product development and what 
 specific complexity strategy are they focused on? 
■ RQ 5:  What are the significant differences and commonalities between literature and the practical (empi-
 rical) results? 
5.3.2 Questionnaire’s design, data collection methodology, sample description and 
statistical analysis 
The implementation of a research starts with selection of the data collection method and the sample description 
(Flynn et al., 1990, pp. 256-263). In our research, we applied a standardized questionnaire with 4 questions 
and a fixed response possibility for data collection method. The data was collected from a stratified random 
sample out of a given population of 17,862 manufacturing companies, located in Germany with more than 50 
employees. The population of 17,862 manufacturing companies was determined based on the Amadeus 
database, where all manufacturing companies of Germany are documented at the beginning of our empirical 
research in 2015. According to Gießmann (2010, p. 89), only companies with more than 50 employees were 
selected, because it is supposed that the complexity phenomenon primarily occurs in bigger companies rather 
than in smaller. The research was conducted in 2015 and 2016. A standardized questionnaire was sent in 2 
stages by e-mail to 3,086 companies, exclusive of service and printing companies. In the cover letter, the 
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department. The stratified random sample size (n = 1,565) is calculated based on the population (N = 17,862), 
a safety factor (t = 2), which depends on respondents’ level of significance, the proportion of the elements 
within the random sample, which fulfills the feature characteristic (p = 0.5) and the sampling error (d = 0.05) 
(Mayer, 2013, p. 66; Raab, Poost and Eichhorn, 2009, p. 84). According to questionnaire’s design, we structured 
the questionnaire in 2 main parts and started with general information regarding the respondents: Company 
size, field of industry and respondent’s position in the company. The second part concerns questions regarding 
the application of specific single approaches for complexity management in product development. The questions 
were formulated based on the research questions. The scale items were designed as statements and the 
interviewees were asked about their assessment. In our questionnaire, we used nominal scales and ordinal scales 
for measurement. Before starting our empirical research, the questionnaire was pretested in 2014 by 40 experts 
from the potential target group to check and refine the wording, understanding, relevance, as well as the 
measurement instrument, the questionnaire length and the time for questionnaire’s responding. Based on the 
results and comments from the experts, the questionnaire was revised and checked again by a smaller group of 
experts. 
A questionnaire belongs to the quantitative research methods and must be analyzed by using statistical 
methods to validate an existing theory (Flynn et al., 1990, pp. 264-267). For statistical analysis, several 
statistical tests or data analysis techniques exist that a researcher can use. However, there is no general rule 
to select a particular approach (Madu, 1998, p. 354). In our empirical research, we analyzed the empirical 
findings by using the descriptive data analysis techniques means, frequencies and proportions. Further, some 
multivariate analysis techniques were applied as well. However, the results were not significant. Thus, these 
results are not described in detail in this chapter. 
5.4 Analysis of empirical research and findings 
5.4.1 Sample results and data validation 
As already mentioned, the questionnaire was sent by e-mail to 3,086 manufacturing companies with more than 
50 employees, located in Germany. For response rate’s counting, the researcher has to determine the net sample 
size by reducing the total sample size based on the amount of e-mails that were undeliverable or rejected by 
the companies (Gießmann, 2010, p. 90). The final sample size was a total of 2,817 companies. In this research, 
295 questionnaires were answered completely and resulted in a response rate of 10.5%. According to Meffert 
(1992, p. 202), this response rate is acceptable. Industry’s range contained 11 different fields of industry, which 
were clustered in the following 4 industry clusters according to their characteristics: Technical industry, 
resource industry, consumer goods industry and others. About 60% of the respondents were from the technical 
industry, such as engineering (30.5%), metal (10.5%), electrical & optics (9.8%), automotive (8.1%) (see Figure 
17). Traditionally, the technical industry is Germany’s major field of industry with a percentage of 63.5% based 
on the Amadeus database. For result’s validation, the percentage of the empirical research was compared with 
the percentage of the database to identify commonalities and differences. In all industry clusters, the percentage 
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of empirical research and database are very close. Thus, distortions can be avoided and the empirical findings 
are representative for generalization.  
 
Figure 17: Frequency of received questionnaires according to industry and 
comparison of results and database’s percentage 
Next, the number of employees and the position profile of the respondents were analyzed (see Figure 18 and 
19). The small and middle-sized companies between 50 and 250 employees are the biggest group in our empirical 
research with 61.8% (see Figure 18). Larger companies with more than 250 employees represent 38.2%. These 
results show that small and middle-sized companies are highly interested in empirical studies regarding 
complexity management and especially in product development. 
 
Figure 18: Overview about the number of employees of the respondents 
The analysis of the respondent’s position profile shows that complexity in product development is an important 
issue for management (see Figure 19). In total, 80% of the respondents can be allocated to the upper 
management, consisting of the following 3 groups: Presidents, CEOs and COOs (18.0%), directors and division 
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Figure 19: Overview about the position profile of the respondents 
5.4.2 Results regarding single approaches for managing complexity 
The main research objective was to identify the approaches, which were applied for complexity management 
in product development and the specific strategy, they are focused on. In literature, 15 approaches were applied, 
focused on 6 different complexity strategies (see subsection 5.2.2). The 6 complexity strategies comprise 5 
specific strategies (reduction, mastering, avoidance, increasing and outsourcing), as well as a more superior 
strategy (general for complexity management). In our empirical research, we used only the 5 specific strategies 
in our questionnaire to reduce the amount of response possibilities and get a precise answer from the 
respondents. The approaches were evaluated by the respondents according to their awareness level, application 
in the company and focused strategy. The questionnaire responses were analyzed by descriptive statistics. 
Based on the statistical analysis, the results were clustered in 3 groups: 
■ Single approaches, which are known and applied,  
■ Single approaches, which are known and not applied,  
■ Single approaches, which are unknown.  
We assumed that a specific approach that is not known cannot be applied by the company. Figure 20 presents 
the principle, which is applied for analyzing the empirical results according to approach’s knowledge and 
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Figure 20: Analysis principle according to single approach’s knowledge and application 
Based on Figure 20, the empirical data is structured and analyzed. The analytical results are shown in  
Table 22. In Table 22, the different single approaches and respondent’s answers according to approach’s 
knowledge and application are presented. Furthermore, the empirical results are separated based on 
respondent’s field of industry. For example, in the automotive industry, the approach modular concept is 
known by 23 respondents (NK) and unknown by only 1 (NUnK). Even though, 23 respondents know the approach 
modular concept, only 17 (NKA) apply this approach for complexity management in their company. In addition, 
6 respondents know this approach, but do not apply it (NKnA). The reason for this should by analyzed in further 
research.  
The approaches, which are predominantly known and used for complexity management in the company, were 
color-marked. For our color marking, we defined 3 different levels according to the Normal distribution and 
the standard deviation σ, in which results could be found from the average:  100% - 95% (±3σ), 94% - 68% 
(±2σ) and less than 68% (±σ) (Hellwig and Sypli, 2014, p. 42). 
 
  
Total amount of respondents
in the particular field of industry: 
NT (PT = 100%)
The particular complexity management
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Table 22: Empirical results according to approach’s knowledge and application (Part A) 
Explanation: 
 
 100% - 95% 
 94% - 68% 
 less than 68% 
 
NK (PK) Known 
NUnK (PUnK) Unknown 
NKA (PKA) Known & Applied 
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Table 22: Empirical results according to approach’s knowledge and application (Part B) 
Explanation: 
 
 100% - 95% 
 94% - 68% 
 less than 68% 
 
NK (PK) Known 
NUnK (PUnK) Unknown 
NKA (PKA) Known & Applied 
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Table 22: Empirical results according to approach’s knowledge and application (Part C) 
Explanation: 
 
 100% - 95% 
 94% - 68% 
 less than 68% 
 
NK (PK) Known 
NUnK (PUnK) Unknown 
NKA (PKA) Known & Applied 
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Table 22 shows that 9 single approaches are predominantly known and applied by more than 68% of the 
respondents for complexity management in product development: Modular concept, modular system, 
standardization, using same parts, platform concept, reducing product range, standardization of processes, 
modularity of processes and empowerment.  
Further analysis of the results of Table 22 shows that other approaches, such as differential or integral 
construction, packaging, reducing of customers or postponement concept are not commonly known and applied 
in product development by the respondents. Furthermore, even though the approach delayering is commonly 
known in practice, it is not commonly applied in product development. These results draw to the conclusion 
that the application of specific approaches, such as packaging, reducing of customers, postponement concept 
or delayering are not used for complexity management in product development by the respondents, because 
the application of these approaches cannot be influenced by the product development department itself. 
Reasons for this could be that these approaches originate in other fields along the value chain, such as 
production or distribution and sale. Another surprising result is that the approaches differential or integral 
construction are not commonly known and applied for complexity management in product development, 
although these approaches can be assigned to product development. According to literature, integral and 
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differential construction are used for product design during the product development process (Ehrlenspiel, 1995, 
pp. 414-422; Schuh and Schwenk, 2001, pp. 71-80). Therefore, it would be interesting to investigate the reasons 
for this discrepancy. 
Comparing the results within the 3 industry clusters technical industry, resource industry and consumer goods 
industry regarding the 9 single approaches that are predominantly known and applied by more than 68% of 
the respondents, it can be seen that some fields of industry apply specific approaches more often than others. 
Within the technical industry, the field engineering is the benchmark for modular concept, modular system, as 
well as standardization. The approaches using same parts and modularity of processes are applied most often 
by the automotive industry. Further, the approaches platform concept and empowerment are mainly applied 
in the electrical and optics industry and the approach reducing product range is mainly applied in the metal 
industry. The approach standardization of processes is applied in the same way in 2 fields of industry: Electrical 
and optics, as well as metal. Furthermore, our analysis shows that for most approaches, the percental value 
for “approach is known and applied (PKA)” of the different fields of industry within the technical industry 
cluster does not vary much. For example, the percental values within the approach standardization vary from 
94% (engineering industry) to 89% (metal industry). However, there are some approaches with a great variation 
between the highest and lowest percental value (e.g. modular concept: 93% - engineering industry vs. 54% - 
metal industry). Another surprising result is that the automotive industry has the second lowest value within 
the approach platform concept. In literature, platform concept is often described as an important strategy for 
complexity management and product development in the automotive industry. The objective is to reduce 
complexity by increasing the use of same parts (see subsection 5.2.2). Furthermore, platform concept has a 
direct influence on product development’s strategy and costs, as well as on logistics and production (Maune, 
2001, pp. 29-30; Adam, 1998, p. 60). Further research should analyze the reasons for this result. Regarding the 
resource industry cluster, the chemical and pharmaceutical industry is the leading industry for the approaches 
modular concept, modular system, standardization, using same parts, reducing product range and modularity 
of processes. The approach standardization is applied by the petroleum and plastics industry in the same way 
as by the chemical and pharmaceutical industry. The platform concept is also most often applied by the 
petroleum and plastics industry. Furthermore, the approaches standardization of processes and empowerment 
are mainly known and applied by the glas, ceramic, pit and quarry industry. Within the consumer goods 
industry cluster, the industry branches food, forage and tobacco, as well as clothing and textile are the leading 
branches. The approaches modular concept, modular system, standardization, as well as standardization of 
processes are mainly known and applied by the food, forage and tobacco industry. The approach 
standardization of processes is applied by the clothing and textile industry in the same way. Further, the 
approaches using same parts, platform concept, reducing product range and modularity of processes are applied 
most in the clothing and textile industry. In addition, the field of industry lumber, papers, printing and 
furniture is the leading industry regarding the approach empowerment. Analyzing the different percental values 
for “approach is known and applied (PKA)” of the different fields of industry within the resource and the 
consumer goods industry analogously, we identified approaches with a low variation (e.g. resource industry: 
standardization: 100% vs. 92% or consumer goods industry: standardization: 96% vs. 92%), as well as with a 
high variation (e.g. resource industry: platform concept: 91% vs. 60% or consumer goods industry: reducing 
product range: 90% vs. 73%). 
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Based on the analytical results, which are presented in Table 22, the different single approaches were analyzed 
in the next step according to their targeted strategy. For data analysis, only the approaches and strategies that 
are known and applied by the respondents were used. In our research, several respondents assign more than 
one purpose or strategy to a certain complexity management approach. As already mentioned, the same occurs 
in literature (see subsection 5.2.2). 
Table 23 presents an overview about the applied approaches and their purposes for complexity management 
in product development. The complexity strategies with the highest values are color-marked. For example, in 
our research, 133 respondents use the approach modular concept for complexity mastering (43.3%) and 96 
respondents use it for complexity reduction (31.3%). The strategy with the highest value has priority 1 (black 
color-marked) and the strategy with the second highest value has priority 2 (grey color-marked). However, no 
explicit tendency towards a specific strategy could be identified in this case and for most other approaches. 
Only the approach “modularity of processes” is assigned with more than 50% to the strategy complexity 
mastering. Based on the results, the complexity approaches are mainly used for complexity reduction or 
mastering. However, as already mentioned, no explicit tendency towards 1 specific strategy can be identified. 
The strategy complexity avoidance is also used in practice, but is not as important as complexity reduction or 
mastering. The strategies, which are used fewest in the manufacturing industry, are complexity increasing and 
outsourcing. 
Table 23: Empirical results according to applied single approaches and their purpose 
Complexity strategy with: 
  Priority 1 and the highest value 
  Priority 2 and the second highest value 
Complexity strategy 
Reduction Mastering Avoidance Increasing Outsourcing 
Focus Single approaches N % N % N % N % N % 
Product 
Modular concept 96 31.3% 133 43.3% 47 15.3% 18 5.9% 13 4.2% 
Modular system 99 30.8% 123 38.3% 64 19.9% 22 6.9% 13 4.0% 
Standardization 127 37.5% 100 29.5% 100 29.5% 6 1.8% 6 1.8% 
Using same parts 108 34.2% 100 31.6% 91 28.8% 13 4.1% 4 1.3% 
Platform concept 91 34.6% 84 31.9% 69 26.2% 14 5.3% 5 1.9% 
Differential construction 30 23.1% 53 40.8% 17 13.1% 18 13.8% 12 9.2% 
Integral construction 47 27.3% 69 40.1% 30 17.4% 19 11.0% 7 4.1% 
Product  
portfolio 
Packaging 41 24.6% 65 38.9% 35 21.0% 17 10.2% 9 5.4% 
Reducing product range 116 46.2% 53 21.1% 65 25.9% 6 2.4% 11 4.4% 
Reducing of customers 66 46.5% 28 19.7% 37 26.1% 6 4.2% 5 3.5% 
Process 
Postponement concept 28 24.6% 48 42.1% 21 18.4% 10 8.8% 7 6.1% 
Standardization of processes 92 29.6% 133 42.8% 69 22.2% 8 2.6% 9 2.9% 
Modularity of processes 54 24.5% 110 50.1% 35 15.8% 14 6.4% 7 3.2% 
Organization 
Delayering 52 28.6% 64 35.2% 55 30.2% 8 4.4% 3 1.6% 
Empowerment 62 29.5% 81 38.6% 48 22.9% 12 5.7% 7 3.3% 
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After analyzing the different single approaches according to their targeted strategy, the results from Table 23 
are separated regarding the different fields of industry and industry clusters. Only the complexity strategies 
with the highest values in each approach and field of industry are described in Table 24, whereas the strategies 
with the second, third, etc. highest value are not presented in the table. 
For example, in the automotive industry, 38% of the respondents use the approach modular concept for 
complexity mastering (M). This is the highest value and is therefore presented in Table 24. Furthermore, 28% 
of the respondents also use this approach for complexity reduction (R), 24% use it for the strategy complexity 
avoidance (A) and 10% for complexity outsourcing (O). These values are not presented in Table 24. However, 
there is no explicit tendency in this case, because no complexity strategy is assigned by more than 50% of the 
respondents. Analyzing the other results, there is often also no explicit tendency towards a specific strategy for 
most approaches and within the different fields of industry and industry clusters. The complexity strategies, 
which are assigned by 50%, or more than 50% of the respondents are color-marked.  
In Table 23 and 24, it can be seen that the approaches modular concept, modular system, differential and 
integral construction, packaging, postponement concept, standardization and modularity of processes, as well 
as delayering and empowerment are applied for complexity mastering in most fields of industry. However, some 
fields of industry apply these approaches also for complexity reduction, avoidance or increasing, but not for 
outsourcing. For example, the approach modular concept is applied for complexity mastering by most fields of 
industry, but also for complexity reduction and avoidance in the industry branches petroleum and plastics; 
glas, ceramic, pit and quarry, as well as food, forage and tobacco. The single approaches, which are applied for 
complexity reduction in most fields of industry (e.g. standardization, using same parts, platform concept, etc.) 
are also used for mastering, avoidance and outsourcing, but not for increasing.  
Comparing the percental values within the different industry clusters, it can be seen that only in the technical 
industry cluster, the combination between the specific single approach and its targeted strategy is often equal. 
Within the other industry clusters, the results are mostly not consistent regarding the combination between 
approach and targeted strategy. 
Furthermore, within the different fields of industry, several single approaches with different targeted complexity 
strategies are applied for complexity management in product development. No industrial branch focuses only 
on 1 specific complexity strategy (see Table 24, last 5 rows). For example, in the automotive industry,  
6 approaches are used for complexity reduction (standardization, platform concept, reducing product range, 
reducing of customers, standardization of processes, empowerment) and 7 for complexity mastering (modular 
concept, modular system, integral construction, packaging, postponement concept, standardization of processes, 
modularity of processes). Furthermore, 2 approaches are used for complexity avoidance (using same parts, 
delayering) and 1 for a targeted complexity increasing (differential construction). Comparing these results 
overall between the different industry branches, the strategies complexity mastering (N: 7) and complexity 




5 Single approaches for complexity management in product development: An empirical research 145 
 
Table 24: Empirical results according to applied single approaches and their purpose 
in the different fields of industry 
Explanation to complexity 







O  Outsourcing 
 
Note: If there is more than one strategy 
  listed, the percentage of the  




































































































































































































































































































































































































































































































each field of 
industry 
Reduction 6 5 5 5 4 9 8 6 4 11 8 
Mastering 7 10 11 9 9 8 5 7 11 5 4 
Avoidance 2  1 2 7 4 7 3 1 2 6 
Increasing 1     1    1  
Outsourcing       1     
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5.4.3 Comparison between literature and empirical results 
A further research objective was to compare the empirical findings regarding specific complexity management 
single approaches and their focused strategy with the literature findings to identify commonalities and 
differences. The comparison gives the opportunity to refine existing scientific knowledge or theories and to 
identify further research gaps. Table 25 presents a comparison between literature findings and empirical 
findings regarding the different complexity management single approaches and their targeted strategy. 
Literature’s findings are described in subsection 5.2.2 (see Table 21) and empirical findings are described in 
subsection 5.4.2 (see Table 23). 
Table 25: Comparison of literature findings versus empirical findings 
Complexity strategy with: 
  Priority 1 and the highest value 
  Priority 2 and the second highest value 
Literature findings Empirical findings 





































































Focus Single approaches 
Product 
Modular concept ●      ●    
Modular system ●      ●    
Standardization ●     ●     
Using same parts ●     ●     
Platform concept ●     ●     
Differential construction ●      ●    
Integral construction ●      ●    
Product  
portfolio 
Packaging ●      ●    
Reducing product range ●     ●     
Reducing of customers ●     ●     
Process 
Postponement concept ●      ●    
Standardization of processes ●      ●    
Modularity of processes ●      ●    
Organization 
Delayering ●      ●    
Empowerment ●      ●    
 
In literature, the different complexity approaches are focused on 1 specific strategy with an explicit tendency 
with more than 50%. All approaches are mostly used for complexity reduction and have priority 1 with the 
highest value (black color-marked). However, in our empirical research, we found out that the different single 
approaches could not be assigned to a specific strategy, because no explicit tendency with more than  
50% could be identified (see subsection 5.4.2 and Table 23). The complexity strategy, which is assigned mostly 
5 Single approaches for complexity management in product development: An empirical research 147 
 
by the respondents, has the highest value and priority 1 (black color-marked). Approach’s strategy with the 
second highest value has priority 2 (grey color-marked). As a result of our empirical research, the complexity 
management approaches are mainly used for complexity mastering and/or reduction. Analyzing the empirical 
data regarding the specific single approaches within the different fields of industry and industry clusters, the 
results are similar. No explicit tendency can be identified. Analyzing the empirical data regarding the most 
applied complexity strategies in the different industry branches, no branch focuses only on 1 specific strategy. 
However, complexity mastering and complexity reduction are the strategies that are mostly applied. 
The reason for this is that the specific approaches are evaluated by the respondents based on different situations 
and perceptions. Furthermore, in the company, complexity cannot be handled with only 1 specific complexity 
strategy. For example, companies often cannot reduce complexity to a minimum level, because they need a 
certain amount of complexity to achieve an optimum complexity degree, to be competitive. Thus, companies 
are often focused on mastering complexity rather than reducing it. Each new situation or complexity problem 
requires an individual evaluation with the selection of a specific approach and strategy.  
From scientific perspective, this comparison establishes a connection between scientific research and practice 
and allows the researcher an insight in the real world. This study gives the researcher an overview about, what 
is already known in practice about this issue and practice’s tendencies. It closes a currently existing gap in 
scientific literature by comparing literature findings and empirical findings to identify similarities and 
differences. Based on this comparison, the theoretical findings in literature can be confirmed, advanced or 
progressed. Furthermore, the empirical research shows that in practice the application of a specific complexity 
management single approach depends on the situation and complexity problem, as well as the desired strategy. 
Thus, the approaches cannot be assigned to 1 specific strategy. Based on this research and comparison, 
researchers can build new ideas, theories and hypotheses for their own research. 
From practical perspective, this empirical study gives the practitioner an overview about the different 
approaches for complexity management and their focus and targeted strategy. Further, this study also answers 
the following manager’s questions: “What different approaches are used by other practitioners in other fields 
of industry?” and “What focus or strategy is pursued by other practitioners in other fields of industry by using 
a specific single approach?” by providing an overview about the complexity management single approaches and 
their main focus or strategy. However, a specific recommendation regarding the application of a specific single 
approach cannot be given, because the selection and application of a specific approach and strategy depends 
on company’s situation or complexity problem. However, this empirical research helps the practitioners to find 
the right approach for their specific situation or complexity problem. 
5.5 Conclusion and outlook 
This chapter’s objective is to provide an overview about the practical application of specific single approaches 
for complexity management in the manufacturing industry of Germany. Furthermore, the empirical results are 
compared with the literature findings to identify commonalities and differences for verifying proposed scientific 
knowledge and theories, as well as to develop additional knowledge for science and practice. 
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Before starting our empirical study, we reviewed the literature regarding the specific complexity management 
single approaches and previously existing empirical studies in the field of complexity management (see 
subsection 5.2.2 and 5.2.3). Furthermore, we reviewed the existing studies, especially regarding specific single 
approaches for managing complexity in the company and pointed out the gaps in literature.  
As a result of our literature search, we identified 72 empirical studies regarding complexity management. 
However, only 6 studies are focused on product development. As a result of the analysis of the previous 
empirical studies regarding product development, as well as other fields, we found out that an empirical research 
in the field product development in manufacturing companies in Germany and focused on the application of 
specific single approaches for managing complexity in the company and especially in product development does 
not exist yet. In this research, we want to close this gap. 
To conduct this research, we used the methodology of Flynn et al. (1990, pp. 253-255). The research 
methodology, the objectives, the sample description and the methods for statistical analysis are described in 
the third section (5.3). For data collection, a standardized questionnaire with 4 questions and a fixed response 
possibility was sent in 2 stages by e-mail to 3,086 companies with more than 50 employees located in Germany. 
In this research, 295 questionnaires were completed, which resulted in a response rate of 10.5%. Industry’s 
range contained 11 different fields of industry. For statistical analysis, we used the methods from the descriptive 
statistics. The results are described in section 5.4. For this empirical research, we determined 2 empirical 
research questions, which were answered as follows. 
Answering the first empirical research question (RQ4), the data regarding the complexity management 
approaches, their objectives and practical application was analyzed and evaluated. For complexity 
management, 15 different approaches focused on 5 different strategies were applied in practice. Table 22 and 
Table 23 present an overview about the different approaches, their awareness level and application, as well as 
the focused strategy. As a result, the following 9 approaches are predominantly known and used for complexity 
management in the manufacturing industry of Germany: Modular concept, modular system, standardization, 
using same parts, platform concept, reducing product range, standardization of processes, modularity of 
processes and empowerment. Based on respondent’s answers, the approaches differential or integral 
construction, packaging, reducing of customers or postponement concept are not commonly known and applied 
in product development. Next, the results of Table 23 are compared within the 3 industry clusters. As a result 
of this comparison, some industry branches apply specific approaches more often than other branches. 
Furthermore, the complexity management single approaches are mainly used for complexity reduction or 
mastering. However, no explicit tendency towards 1 specific strategy can be identified. Analyzing these results 
regarding the different fields of industry and industry clusters, the results are equal. 
Answering the second empirical research question (RQ5), the empirical findings regarding the approaches for 
complexity management were compared with the literature findings to identify the significant differences and 
commonalities (see subsection 5.4.3). In literature, the approaches are focused mostly on complexity reduction. 
In our research, we come to the conclusion that the approaches can not be assigned to a specific complexity 
strategy. Regarding complexity strategy, no explicit tendency can be identified. 
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Further research should analyze the differences between theory and practice more in detail and the empirical 
findings should be used for further discussions und evaluations in literature. Furthermore, our research was 
focused on the manufacturing industry of Germany. Future research may also include other countries and 
sectors. It would be interesting to compare the empirical results from this study with the results from a further 
study, which is conducted in other fields of industry or countries/regions. 
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6 Approach for complexity management 
in variant-rich product development 
6.1 Introduction 
Developing and producing individual and complex products for diversified marketplaces at minimum cost is 
the challenge of the 21st century. Within the last decades, complexity in the company has increased 
continuously in many industries (Schuh, Arnoscht and Rudolf, 2010, p. 1928; Lübke, 2007, pp. 2-4; Krause, 
Franke and Gausemeier, 2007, pp. 3-4; ElMaraghy et al., 2012, p. 797). Companies in high-technology 
marketplaces are confronted with technology innovations, dynamic environmental conditions, changing 
customer requirements, market’s globalization and uncertainty. These are trends that manufacturing companies 
cannot escape (Miragliotta, Perona and Portioli-Staudacher, 2002, p. 382; Gerschberger et al., 2012, p. 1016). 
In today’s highly competitive environment, it is fundamental for a company’s success to bring new products to 
the market quickly and with customized settings (Augusto Cauchick Miguel, 2007, p. 617; Lübke, 2007, 
pp. 2-3). As a reaction, the companies are present in the market with a diversified product portfolio 
(Haumann et al., 2012, p. 107; ElMaraghy and ElMaraghy, 2014, pp. 1-2). Product development is one of the 
most complex and nontransparent tasks and uncertain processes in the company (Bick and Drexl-Wittbecker, 
2008, p. 20; Davila, 2000, p. 386; Specht and Beckmann, 1996, pp. 25-26). Product development process is 
confronted with several complexity factors, such as demand variety, uncertain objectives, environmental 
dynamics, highly time pressure and restricted resources (Wildemann, 2012, p. 202). Dehnen (2004, pp. 33-35) 
argues that complexity in product development comes generally from a variety of internal and external sources, 
called complexity drivers. Complexity drivers describe system’s complexity and help to evaluate and handle it. 
Complexity management is a strategic issue for companies to be competitive (Miragliotta, Perona and Portioli-
Staudacher, 2002, p. 383). 
The purpose of this research is to present a praxis-oriented approach for managing complexity in variant-rich 
product development. The approach was developed based on literature and encourages the reader to manage 
product development’s complexity. Section 6.2 gives a literature overview about complexity management, its 
properties, requirements and objectives. Furthermore, an overview of existing complexity management 
approaches in different fields is presented. As a result of the existing complexity management approaches, a 
new approach for complexity management in variant-rich product development is described in section 6.3 and 
is applied on a recent development project in the automotive industry. Section 6.4 and 6.5 conclude the chapter 
and close the research gap with implications for future research. 
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6.2 Literature review 
6.2.1 Complexity management 
The origin of the term complexity comes from the Latin word “complexus”, which means “entwined, twisted 
together” (Miragliotta, Perona and Portioli-Staudacher, 2002, p. 383). Based on systems theory, complexity is 
characterized by the amount and diversity of system’s elements, the amount and type of dependencies and the 
variation of the elements and their dependencies over time (Kersten, 2011, p. 15). Thus, complex systems are 
characterized by the variety of their states (Schuh, 2005, pp. 34-35).  
Generally in literature, increasing complexity is related to increasing costs (Meyer, 2007, p. 94). For example, 
modifications in product design or process are responsible for product or process variety and generate additional 
costs. Furthermore, such modifications may have unpredictable effects on the whole development process 
(Aggeri and Segrestin, 2007, p. 38).  
Managing system’s complexity requires an optimum fit between internal and external complexity. Managing 
complexity comprises designing the necessary variety, handling variety-increasing factors, reducing variety and 
controlling complex systems (Schuh, 2005, pp. 34-35). Generally, complexity management has several 
objectives. In literature, the main objectives are reducing, mastering and avoiding complexity (Wildemann, 
2012, p. 69; Lasch and Gießmann, 2009a, p. 198; Schuh and Schwenk, 2001, pp. 32-40; Kaiser, 1995, p. 102). 
Wildemann (2012, p. 69) defines these objectives as the 3 main strategies for complexity management. In 
addition to the 3 complexity strategies, Krause, Franke and Gausemeier (2007, pp. 15-16) argue that complexity 
identification, complexity evaluation and the determination of the optimum complexity degree are also 
important objectives for complexity management and to improve transparency.  
Complexity management requires approaches for understanding, simplification, transformation and evaluation 
of complexity (Hünerberg and Mann, 2009, p. 3). A successful complexity management approach enables a 
balance between external market’s complexity and internal company’s complexity (Rosemann, 1998, p. 61; 
Kaiser, 1995, p. 17). Therefore, it is necessary to implement a complexity management in company’s 
management process as an integrated concept (Kersten, 2011, pp. 17-18). 
Product development is mainly characterized by 3 categories: Product, product portfolio and product develop-
ment process. Based on these categories, the complexity drivers product complexity, product portfolio 
complexity and process complexity are derived. Complexity drivers are factors or indicators, which influence a 
system’s complexity (Puhl, 1999, p. 31; Perona and Miragliotta, 2004, p. 104). Thus, managing complexity in 
product development requires a detailed complexity analysis in these categories (Dehnen, 2004, p. 9). Beyond 
the mentioned categories, Ponn and Lindemann (2008, p. 7) argue that the applied methods and instruments 
in product development are also important aspects. 
Product complexity is characterized by product’s design, the number of elements or materials and their 
interdependencies, as well as the dynamics of product’s activity. Product’s activity consists of the rate, at 
which new products are introduced or existing products are changed (Edersheim and Wilson, 1992, pp. 27-33; 
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Kirchhof, 2003, p. 40). Product portfolio complexity is determined by the product range or the variant range, 
the number of their elements and the dynamics of product portfolio’s variability (Kirchhof, 2003, p. 40; Lübke, 
2007, p. 173; Schoeller, 2009, p. 50). Process complexity is mainly characterized by process design, process 
dynamics and multidimensional target expectation. Process design contains the number of direct and indirect 
process steps, their interdependencies, the design of process interfaces, the level of difficulty, as well as the 
controllability and consistency of each step. Process dynamics refer to the rate, at which processes or product 
designs and operational parameters are changing. Operational parameters could be tolerances (Edersheim and 
Wilson, 1992, pp. 28-34; Klabunde, 2003, p. 8; Kirchhof, 2003, p. 40). Furthermore, process complexity describes 
the multidimensional demand for a structural coordination between different interfaces (Dehnen, 2004, p. 34). 
According to complexity management’s objectives and product development’s characteristics, the requirements 
for a complexity management approach in variant-rich product development must be defined. In literature, 
several requirements for a complexity management approach exist. According to Lasch and Gießmann (2009a, 
pp. 203-206), we defined 11 main requirements and assigned them to the following 3 main categories:  
■ Structural:   Recurring cycle, modular structure. 
■ Functional:  Practicability and transparency, identifying the complexity problem, methods for 
   complexity management, application of key figures, approach for capability planning. 
■ Cause related:  Identifying complexity drivers, identifying complexity driver’s interdependencies, 
   evaluation of complexity drivers and evaluation of complexity (degree). 
6.2.2 Research methodology and results 
This chapter’s purpose is to develop a praxis-oriented approach for managing complexity in variant-rich 
product development. Before developing a new approach, existing literature must be identified, analyzed and 
evaluated. For this literature review, we determined 2 research questions: 
■ RQ 1:  What different approaches currently exist in scientific literature? 
■ RQ 2:  What structure and focuses do the existing approaches have?       
The first step in conducting a literature research is to define the right search terms based on the research 
questions. In literature, the terms “approach”, “model”, “method”, “concept”, “procedure” and “framework” are 
often used synonymously for describing a complexity management approach. Thus, all terms were used for this 
literature research. Furthermore, to extend the results and to prevent the elimination of important articles, the 
research was performed in English and German by using the following 6 databases, specialized in science and 
economics: Emerald, ScienceDirect, IEEE Xplore, Google Scholar, GENIOS/WISO and SpringerLink. No 
restrictions were made regarding the research period. The researched literature sources were synthesized based 
on the aforementioned research questions. This resulted in 47 relevant approaches in the time period between 
1992 and 2014 (see Table 26). As a result, 57% of the existing approaches are focused on general in 
manufacturing companies. The remaining 43% are separated in other fields, such as product development 
(6.1%), procurement (2.0%), production (10.2%), logistics (4.1%), internal supply chain (16.3%) and 
distribution (4.1%). Only 3 approaches are focused on product development. In the next step, the identified 
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approaches were analyzed and described according to their structure and targets (see Table 26). Furthermore, 
the existing approaches were evaluated based on the described requirements to identify deficits (see Table 27). 
The evaluation is based on the following 3 criteria:  
■ Fulfilled (+ +):   Content and precise methods are described 
■ Partial fulfilled (+): Content is described without precise methods 
■ Not fulfilled (-):   Content and methods are not described 
In the first step, the structure and the targets of all identified approaches were analyzed to identify commo-
nalities and differences. Based on this analysis, 7 stages of complexity management can be identified and are 
applied in literature (see Table 26): Complexity analysis (N: 36; 77%), complexity evaluation (N: 19; 40%), 
determination of complexity strategies (N: 38; 81%), determination of appropriate complexity instruments  
(N: 10; 21%), complexity planning (N: 6; 13%), complexity management’s implementation (N: 9; 19%) and 
complexity controlling (N: 11; 23%). The most applied stages are determination of complexity strategies, 
complexity analysis and evaluation. Thus, these stages are very important. However, there is no approach, 
which consists of all stages. 
Complexity management in product development is determined by product complexity, process complexity 
and product portfolio complexity, so we analyzed the literature regarding these categories. Most of the existing 
approaches have no explicit target or focus. Only 1 approach exists with a focus on all mentioned complexity 
categories.  
In the next step, the identified approaches are evaluated based on the defined 11 main requirements (see 
subsection 6.2.1). As a result, there is no approach, which fulfills all requirements in total or partially (see 
Table 27). The evaluation criteria practicability (N: 31; 66%), transparency (N: 40; 85%) and methods for 
complexity management (N: 31; 66%) are the most fulfilled or partially fulfilled requirements. Thus, the existing 
approaches are mostly focused on these criteria. They can be defined as the approach’s objectives.  
In summary, an approach, which consists of all stages and categories and fulfills all requirements in total or 
partially, does not exist yet. With our complexity management approach, we cover this research gap. 
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Table 26: Overview about existing complexity management approaches – Evaluation according to approach’s 
structure and target (Part A) 
Explanation for focus: 
G General in manufacturing companies 




SC Internal supply chain 
D Distribution 
 
Explanation for target: 
+ + fulfilled 
+ partially fulfilled 
- not fulfilled 
Focus 








































































































































Grossmann (1992, pp. 209-213) G ●     ●   ●   - - - 
Wildemann (1995, pp. 23-24) PR     ● ●       - - - 
Fricker (1996, pp. 112-114) G ● ●           - - - 
Warnecke and Puhl (1997, pp. 360-362) G ● ● ●         - + - 
Bliss (1998, pp. 151-164) G     ●         + + - - 
Bohne (1998, pp. 91-92) G ● ● ●       ● - - - 
Rosemann (1998, pp. 60-62) G     ●         - - - 
Puhl (1999, pp. 45-97) G ●       ●   ● - + - 
Wildemann (1999a, pp. 66-67) PC     ●         - - - 
Bliss (2000, pp. 194-208) G     ●         + + - - 
Westphal (2000, p. 28) L     ●         - - - 
Miragliotta, Perona and Portioli-Staudacher  
(2002, pp. 382-383, 388-392) 
G ● ● ● ●       - - - 
Kim and Wilemon (2003, pp. 24-27) PD   ● ●     ●   - - - 
Kirchhof (2003, pp. 167-243) G ●       ●     - - - 
Dehnen (2004, pp. 49-61)   PD     ●         + + + + + + 
Hanenkamp (2004, pp. 59-138) PR     ●   ● ● ● + + - 
Meier and Hanenkamp (2004, pp. 118-127) SC ●   ● ●       - - - 
Perona and Miragliotta (2004, pp. 112-114) PR, L ●   ●         - - - 
Blecker, Kersten and Meyer (2005, pp. 51-52) G ● ●           - - - 
Geimer (2005, pp. 45-46) SC ●   ●     ●   - - - 
Geimer and Schulze (2005, p. 102) SC ●   ●     ● ● - - - 
Anderson et al. (2006, p. 21) G ● ● ●         - - - 
Greitemeyer and Ulrich (2006, p. 8) G ●   ●   ●   ● + + - 
Denk (2007, pp. 20-21) G ●   ●         - - - 
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Table 26: Overview about existing complexity management approaches – Evaluation according to approach’s 
structure and target (Part B) 
Explanation for focus: 
G General in manufacturing companies 




SC Internal supply chain 
D Distribution 
 
Explanation for target: 
+ + fulfilled 
+ partially fulfilled 
- not fulfilled 
Focus 








































































































































Marti (2007, pp. 152-153) G   ● ●         + + - - 
Meyer (2007, pp. 129-142) D ●   ●       ● - - - 
Bick and Drexl-Wittbecker (2008, pp. 78-81) G     ●         + + + + - 
Schuh et al. (2008, pp. 447-448) G ●             + + - - 
Denk and Pfneissl (2009, pp. 28-32) G ●   ●         - - - 
Lasch and Gießmann (2009b, pp. 114-118) G ● ● ●   ● ● ● + + + 
Lindemann, Maurer and Braun (2009, pp. 61-66) PD ●   ●         + - - 
Blockus (2010, pp. 269-293) G ●   ●   ●   ● - - - 
Warnecke (2010, p. 641) G ● ● ●         - - - 
Isik (2011, pp. 422-423) SC ● ● ●       ● - - - 
Kersten (2011, pp. 15-18) SC ● ● ●         - - - 
Schawel and Billing (2011, pp. 110-111) G ●   ●         - - - 
Fabig and Haasper (2012, pp. 17-19) G ●   ● ●   ●   + - + 
Koch (2012, p. 54) G ● ● ●         - - - 
Lammers (2012, pp. 85-135) D ● ●   ●       - - - 
Aelker, Bauernhansl and Ehm (2013, pp. 81-82) SC ● ● ●         - - - 
Boyksen and Kotlik (2013, pp. 49-52) G ●   ●         - - - 
Jäger et al. (2013, pp. 342-343) PR, SC ● ● ● ●       - - - 
Meier and Bojarski (2013, pp. 548-551) G ● ●           + + + + - 
Serdarasan (2013, pp. 537-538) SC ● ● ● ●       - - - 
Grimm, Schuller and Wilhelmer (2014, pp. 95-97) G ●   ● ●   ● ● - - - 
Schöttl et al. (2014, pp. 258-259) PR ● ●   ●       - + - 
Wassmus (2014, pp. 61-65) G ●   ●     ● ● + + - - 
 
  
156 6 Approach for complexity management in variant-rich product development 
 
Table 27: Overview about existing complexity management approaches – Evaluation according to specific 
criteria (Part A) 
Explanation for focus: 
G General in manufacturing companies 




SC Internal supply chain 
D Distribution 
 
Explanation for evaluation criteria: 
+ + fulfilled 
+ partially fulfilled 




















































































































































































Grossmann (1992, pp. 209-213) G - - + + + + + + + + - - - - - 
Wildemann (1995, pp. 23-24) PR - + + - - - + + - - - - - + + 
Fricker (1996, pp. 112-114) G - - + + + + + + + - - + - - - 
Warnecke and Puhl (1997, pp. 360-362) G + + + + + + - + + - - + + - + + + + 
Bliss (1998, pp. 151-164) G + + - + + + - + + - - - - - + 
Bohne (1998, pp. 91-92) G + - + + + + + + - - - - - - 
Rosemann (1998, pp. 60-62) G - - + - - + + - - - - - - 
Puhl (1999, pp. 45-97) G + + + + + + + + + + + + - + + + + + 
Wildemann (1999a, pp. 66-67) PC - - + + - - + + - - - - - - 
Bliss (2000, pp. 194-208) G + + - + + + - + + - - - - - + 
Westphal (2000, p. 28) L - - - - - + + - - - - - - 
Miragliotta, Perona and Portioli-Staudacher  
(2002, pp. 382-383, 388-392) 
G + - + + + - - - - + + - + 
Kim and Wilemon (2003, pp. 24-27) PD + - + + + + - + - + - + - 
Kirchhof (2003, pp. 167-243) G + + - + + - + - - + + + + + - 
Dehnen (2004, pp. 49-61)   PD - + + - - + - - - - - + 
Hanenkamp (2004, pp. 59-138) PR + + - + + - + - - + + + + + - 
Meier and Hanenkamp (2004, pp. 118-127) SC + + + + + + - + + - - + + - + + - 
Perona and Miragliotta (2004, pp. 112-114) PR, L - - + + + - - - - - - - - 
Blecker, Kersten and Meyer (2005, pp. 51-52) G + + + + + + - - - - + + + + - - 
Geimer (2005, pp. 45-46) SC - - - + + + + + - - + - - - 
Geimer and Schulze (2005, p. 102) SC - - + + + + + + - - + - - - 
Anderson et al. (2006, p. 21) G - - - + - - - - - - - - 
Greitemeyer and Ulrich (2006, p. 8) G - - + + + - - + - - - - + 
Denk (2007, pp. 20-21) G - + - + + - - - - - - - - 
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Table 27: Overview about existing complexity management approaches – Evaluation according to specific 
criteria (Part B) 
Explanation for focus: 
G General in manufacturing companies 




SC Internal supply chain 
D Distribution 
 
Explanation for evaluation criteria: 
+ + fulfilled 
+ partially fulfilled 




















































































































































































Marti (2007, pp. 152-153) G - - + + + + - + - - - - - + 
Meyer (2007, pp. 129-142) D + + + + + + + + - + + + - + + + + + - 
Bick and Drexl-Wittbecker (2008, pp. 78-81) G - - + + + + - - - - - - 
Schuh et al. (2008, pp. 447-448) G - + - + + - - - - - - - 
Denk and Pfneissl (2009, pp. 28-32) G - + - + + - - - - - - - - 
Lasch and Gießmann (2009b, pp. 114-118) G + + - + - + + + + - + + + + + + 
Lindemann, Maurer and Braun (2009, pp. 61-66) PD - - - + + + - - - - - - 
Blockus (2010, pp. 269-293) G - - + + + - + + - - - - - 
Warnecke (2010, p. 641) G - - + + - + - - - - - + 
Isik (2011, pp. 422-423) SC - - + + + + - - - + + - - 
Kersten (2011, pp. 15-18) SC - - + + - + - - + + + - - 
Schawel and Billing (2011, pp. 110-111) G - - + + + - + + - - + + + + + - 
Fabig and Haasper (2012, pp. 17-19) G + - - - - + - - - - - - 
Koch (2012, p. 54) G - - - + - - - - - - - - 
Lammers (2012, pp. 85-135) D - - + + + + + + - - + + + + + + - 
Aelker, Bauernhansl and Ehm (2013, pp. 81-82) SC - - - + - - - - + - - + 
Boyksen and Kotlik (2013, pp. 49-52) G + + - + + - - - - + - + + 
Jäger et al. (2013, pp. 342-343) PR, SC + - - + - - + - + - - + 
Meier and Bojarski (2013, pp. 548-551) G + + + + + - + - - - - - - 
Serdarasan (2013, pp. 537-538) SC + + + - + - - - - + - - + 
Grimm, Schuller and Wilhelmer (2014, pp. 95-97) G + - + + + - - - + - - - 
Schöttl et al. (2014, pp. 258-259) PR - - + + + + + - - + - + + - 
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6.3 Complexity management in variant-rich product development 
In our literature review, we identified 7 stages, which were applied for complexity management in the company. 
Product development is characterized by variety, dynamics, complex and nontransparent tasks and uncertain 
processes (Wildemann, 2012, p. 202; Bick and Drexl-Wittbecker, 2008, p. 20; Davila, 2000, p. 386; Specht and 
Beckmann, 1996, pp. 25-26). This leads to an increasing risk in product development (Specht and Beckmann, 
1996, p. 25). For risk management, 4 stages are described in literature: Analysis, evaluation, regulation and 
controlling of risks (Ahrendts and Marton, 2008, p. 14; Schawel and Billing, 2011, p. 165). Complexity and risk 
are closely connected, because of their characteristics (Specht and Beckmann, 1996, pp. 25-26). Thus, risk 
management’s 4 stages can also be applied for complexity management. 
Considering product development’s characteristics, we developed a 4-stage complexity management approach 
for variant-rich product development based on the existing literature and the risk management strategies (see 
Figure 21). The approach is focused on product development’s 3 main dimensions product complexity, product 
portfolio complexity and process complexity (Dehnen, 2004, p. 9) and comprises the 7 stages. The approach is 
designed as a recurring cycle with a modular structure to fulfill the structural requirements of a complexity 
management approach. Furthermore, different methods and tools for complexity management are described to 
gain practicability. 
 
Figure 21: Four stage complexity management approach 
The new approach was applied on a recent development project in the automotive industry to verify the 
scientific results. Cars are probably the most complex mass-produced industrial products on the market, 
because they combine many different parts, components, technologies and functions. The development process 
takes between 3 to 4 years and involves hundreds of engineers, technicians and partners (Moisdon and Weil, 
1996, cited in Aggeri and Segrestin, 2007, p. 38). In the last years, automotive companies increased their 
product portfolio successively to gain market shares and to be competitive. Complex products, such as cars, 
consist not only of mechanical and electrical parts and components, but also of software, control modules and 
human-machine interfaces (ElMaraghy et al., 2012, p. 793), which influence each other and lead to increasing 
complexity. 
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6.3.1 Stage 1 – Complexity analysis 
Complexity in a project, especially in product development, requires a detailed complexity analysis (Warnecke, 
2010, p. 640) to increase transparency and to fulfill the functional requirements (see subsection 6.2.1). The first 
step is to formulate and distinguish the tangible problem and to derive the demand for action (Grossmann, 
1992, p. 209; Fricker, 1996, p. 113; Schöttl et al., 2014, p. 258). Hauschildt (1977, p. 127) argues that a 
problem’s complexity is related to a problem’s structure, its parts and uncertainty. For analyzing the com-
plexity problem, Schöttl et al. (2014, p. 258) use individual questionnaires. The second step is to identify and 
analyze the complexity drivers. Complexity driver’s analysis and understanding is the basis for developing a 
clear strategy for managing complexity (Serdarasan, 2013, p. 533). In literature, several approaches for 
complexity driver’s identification exist. The most applied approaches are expert interviews, process or systems 
analysis and influence analysis. In the third step, product variants are analyzed in detail to identify product’s 
commonalities and differences and to identify the main attributes, which characterize a product variant. 
Variant’s analysis and the main attributes are the basis for generating a variant derivation matrix in terms of 
an effective variant management (Nurcahya, 2009, pp. 59-68). Variants are products with a high proportion of 
identical components in the categories geometry, material or technology (Lingnau, 1994, p. 24).  DIN 199 (1977 
cited in Schwenk-Willi, 2001, pp. 22-23) defines variants as objects with a similar form or function and a high 
proportion of identical groups or components.  
In our case study, the investigated object was the powertrain of a car. To identify the complexity problem in 
the product development department, we used expert interviews and questionnaires. The result was that the 
product portfolio increased continuously over the last years to gain market shares. However, the available 
budget and the development time for projects are decreasing successively. Another problem is that the variants 
are characterized by different complexity levels. Thus, the management is faced to develop an increased 
powertrain product portfolio in less time with the same or less input and resources. For a detailed problem and 
complexity analysis, the powertrain was abstracted to a product model (see Figure 22) (Nurcahya, 2009, pp. 
59-62). The product model is an abstraction of a real product and contains all relevant elements or modules 
for product’s characterization (Nurcahya, 2009, pp. 54-61). This model is the basis for complexity driver’s 
identification, analysis and evaluation. In our case study, the product model of a powertrain is divided into 5 
main modules (1 - engine; 2 - induction system; 3 - fuel injection system; 4 - exhaust system; 5 - drivetrain) 
and contains 48 relevant elements (turbocharger, injection valve, catalytic converter, etc.). 
 
Figure 22: Powertrain product model 
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Next, the complexity drivers were identified and analyzed by using different approaches in the 3 categories 
product, product portfolio and process. 
■ Product:   Literature analysis, expert interviews, questionnaires, workshops, influence analysis 
■ Product portfolio:  Expert interviews, workshops, variant tree 
■ Process:   Process analysis, expert interviews, workshops 
In the third step, the product portfolio was analyzed to identify commonalities and differences. Based on 
product’s and complexity driver’s analysis, the main attributes, which characterize a product variant, were 
defined.  
Product portfolio can be divided in reference variants, product variants, product groups and product families. 
The reference variant is the most complex variant within a product family and the basis for variant’s derivation. 
Product variants are derived from reference variants and clustered within the product family. A product group 
consists of several product families. Within a product family, the variants are similar regarding specified criteria 
(Nurcahya, 2009, pp. 52-55). Next, all reference and product variants within a product family are compared 
according to their characteristics to identify commonalities and differences (Nurcahya, 2009, 
pp. 66-67). Nurcahya developed a matrix for variants’ comparison. The matrix shows, which variants have the 
same characteristics and can be derived from another. 
In our case study, a powertrain variant can be described by 20 different attributes (e.g. engine, transmission, 
time to market, etc.). Within the attributes, different product variants exist (e.g. 3.0l, 2.5l or 2.0l engine; 
automatic or manual transmission; etc.). According to product complexity, development effort and time to 
market, the most complex and expensive product in the product portfolio, launched first in market, is the 
reference variant, called lead variant. Product variants, which can be derived from a lead variant, are called 
derivates. According to their complexity, development effort and time to market, derivates can be further 
separated in different sizes, such as large, medium and small. As a result of this classification, a product 
portfolio can be clustered into 4 different groups: Lead [L], derivate large [DL], derivate medium [DM] and 
derivate small [DS]. Based on the described attributes, we analyzed and evaluated the product portfolio to 
identify commonalities and differences. Furthermore, we clustered the variants according to the product 
classification and developed a derivation matrix with expert’s cooperation. Basically, the derivation matrix is 
similar to an influence matrix and shows, which variant can be derived from another. Figure 23 shows a 
derivation matrix for the main attributes “engine” (3.0l, 2.5l or 2.0l) and “transmission” (automatic or manual) 
and an example for clustering a product portfolio, consisting of 5 variants with different market launches. With 
the derivation matrix, the powertrain portfolio can be analyzed and clustered into the 4 different groups. In 
the example, the reference variant, called lead variant [L], is the powertrain with a 3.0l engine and an automatic 
transmission. The lead is the most complex variant, launched first in the market at the time of T0. All other 
variants are derivates from the lead variant with different sizes and launched after T0. 
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Figure 23: Derivation matrix and example 
6.3.2 Stage 2 – Complexity evaluation 
The second stage of our complexity approach comprises the complexity evaluation in the 3 categories product, 
product portfolio and process. The objective of evaluation in general is to emphasize commonalities and 
differences between relating object’s properties (Kieser and Kubicek, 1983, p. 174). Beyond, complexity 
evaluation is the basis for application of the right complexity strategy in the next stage of our approach.  
Complexity management’s objective is to achieve a company’s optimum complexity degree, where internal and 
external complexity are equal (Schuh, 2005, p. 43; Boyksen and Kotlik, 2013, p. 49; Reiß, 1993b, pp. 56-57). 
In product development, internal complexity is characterized by product, product portfolio and process 
complexity (Dehnen, 2004, pp. 33-35). External complexity is characterized by environmental, demand and 
competitive complexity (Dehnen, 2004, pp. 33-35). Thus, company’s optimum complexity degree can be 
achieved by evaluating and managing internal complexity. According to systems theory, a system’s complexity 
degree is characterized by the amount of elements, their dependencies and the amount of system’s conditions, 
so called variety (Curran, Elliger and Rüdiger, 2008, p. 162; Malik, 2002, p. 186). Malik (2002, p. 186) argues 
that complexity can be quantified by variety. In literature, no uniform definition and measuring scale for a 
complexity degree exists. Höge (1995, pp. 31-32) and Greitemeyer and Ulrich (2006, p. 8) state that the 
optimum complexity degree and measuring scale must be planned company-specific according to each 
company’s strategy. To achieve a company’s optimum complexity, internal complexity must be analyzed and 












- - - No Derivation
Example
#1 3.0l AT T0
#2 2.5l AT T1
#3 2.5l MT T2
#4 2.0l AT T1
#5 2.0l MT T3
3.0l 3.0l 2.5l 2.5l 2.0l 2.0l
AT MT AT MT AT MT
3.0l AT - - - - - - - - - - - - - - -
3.0l MT DM - - - - - - - - - - - -
2.5l AT DS DM DM DM DL
2.5l MT DM DS DM DL DM
2.0l AT DS DM DS DM DM
2.0l MT DM DS DM DS DM
Direction of
Derivation
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development’s internal complexity in the categories product, process and product portfolio. According to Kieser 
and Kubicek (1983), the objective is to compare different development projects in the categories to identify 
complexity trends over time. 
6.3.2.1 Product complexity index (PDCI) 
ElMaraghy and ElMaraghy (2014, p. 5) describe a product complexity index to characterize a product and to 
measure, how complex a product is. The measurement is based on variety. According to ElMaraghy and 
ElMaraghy, we also developed a PDCI based on the product and the difference of variety (△Cn) within the 
identified product complexity driver’s categories. In our evaluation, the complexity drivers were weighted 
according to development effort, costs and time (WFCn), because some drivers are more complex than others. 
The most complex drivers have the weighting factor 1.0. The weighting factors of other drivers are defined in 
comparison to the most complex driver.  
The PDCI is formulated as the weighted average of variety difference in all product complexity driver’s 
categories (Cn). N is the maximum amount of product complexity driver’s categories and n is the category’s 
number. 





The PDCI represents the percentage increase or decrease of development effort or costs, in comparison to the 
basis. Table 28 shows an example for calculating a PDCI of 2 powertrain development projects. Project #1 is 
already completed, while project #2 is currently developed. For comparison, we use 7 complexity driver’s 
categories (C1 to C7): Engine (C1), turbocharger (C2), valve controlling (C3), fuel injection system (C4), 
ignition system (C5), catalytic converter (C6) and transmission (C7). In the first step, the variety in the 
categories C1 to C7 is identified for project #1 and #2. Next, the differences of variety (△Cn) between project 
#1 and #2 are calculated, using project #1 as the basis. Then, PDCI’s percental change is calculated 
considering different weighting factors. As a result, the new project #2 has a complexity increase of 40%, 
compared to project #1. In category 2 (C2) the variety of turbochargers in project #1 and #2 is identified. 
The finished project #1 had 1 turbocharger and the current project #2 has 2 different turbochargers. The 
difference (△Cn) between project #2 and #1 is 1. The basis is project #1, thus the variety in project #2 
increased by 100%. The categories turbocharger (C2) and valve controlling (C3) have a weighting factor of 1.0, 
because they are the most complex drivers. 
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Table 28: Example PDCI 
PDCI 
Product Complexity Driver’s Categories Cn 
C1 
  
C2 C3 C4 C5 C6 C7 
Variety in Cn Project #1 2 1 1 2 1 2 1 
Variety in Cn Project #2 2 2 3 1 1 1 2 
△CnProject#1#2 0% +100% +200% -50% 0% -50% +100% 
Weighting factor WFCn 0.8 1.0 1.0 0.6 0.7 0.9 0.6 
Result PDCI: +40% 
 
6.3.2.2 Process complexity index (PRCI) 
In literature, no process complexity index exists. Thus, we developed a PRCI analogously to PDCI. PRCI is 
based on the development process and the difference of variety within the identified process complexity driver’s 
categories (△PrCn). The complexity drivers were also weighted according to development effort and time 
(WFPrCn). The PRCI is formulated as follows: 





Table 29 shows an example for calculating a PRCI of 2 powertrain development projects. In this case, the 
process complexity drivers are the amount of different process steps (PrC1), their conjunctions (PrC2) and the 
amount of interfaces to other subsections within the value chain (PrC3). The PRCI is calculated analogously 
to PDCI. As a result, the development process of project #2 has a complexity increase of 26%, compared to 
project #1.  
Table 29: Example PRCI 
PRCI 




Variety in PrCn Project #1 6 2 5 
Variety in PrCn Project #2 7 3 6 
△PrCnProject#1#2 +17% +50% +20% 
Weighting factor WFPrCn 0.7 1.0 0.8 
Result PRCI: +26% 
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6.3.2.3 Product portfolio complexity index (PPCI) 
Product portfolio complexity is another important part, when evaluating product development’s complexity. 
However, in literature no index for measuring product portfolio’s complexity exists. Based on product attributes 
(e.g. engine or transmission), product classification (e.g. lead or derivates) and derivation matrix, the product 
portfolio can be analyzed and clustered into different groups (leads and derivates) according to their 
characteristics. Next, the groups with equal product classifications are evaluated by the assignment of weighting 
factors. The weighting factors are also defined according to development effort, costs and time and represent 
single efforts. The lead variant is the most complex and expensive variant with the highest single effort and 
has the weighting factor 1.0. The weighting factors of the derivates (large, medium and small) are defined in 
comparison to the lead variant. 
The PPCI is calculated by summing up the weighting factors (WFVariant n), which were assigned to all variants 
in the product portfolio. N is the total amount of product variants in the product portfolio and n is the product 
variant’s number. PPCI’s unit are effort points [EP]. 




PPCI facilitates product portfolio’s standardization to one measured value considering product and process 
complexity and provides an overview about complexity in the product portfolio. Furthermore, PPCI describes 
the total effort, which is dedicated to develop a specific product portfolio. To quantify product portfolio’s 
complexity in our case study, we developed 4 weighting factors for our product classifications according to 
their complexity, development time and effort. The lead variant is the most complex variant in the portfolio 
and has the highest factor 1.0. The derivates have weaker factors. Figure 24 shows an example for calculating 
the PPCI for a product portfolio with 5 powertrains. 
 
Figure 24: Example for calculating a PPCI 
In the next step, product’s development effort is identified and evaluated over product’s launch time. The 
PPCI and the evaluated product portfolio are the basis for calculation. Therefore, the development efforts over 
time for the different product classifications (Lead or Derivate) were described. In our case study, the 
development efforts of a lead variant were separated evenly over a period of 3 years. The time period is 
determined by company’s experts. They divide the development efforts in different periods according to their 
development plan. The development efforts for our derivates were specified analogously. However, the periods 
n
#1 3.0l AT T0
#2 2.5l AT T1
#3 2.5l MT T2
#4 2.0l AT T1
#5 2.0l MT T3
PPCI:   ∑ 2.4 EP
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were 1 year for small and 2 years for medium and large derivates. For calculation of the total development 
effort in a period, the particular efforts were summed-up. Figure 25 shows an example for calculating the 
development effort over time for a product portfolio consisting of 5 powertrains. It can be seen that the 
maximum is in period D, because of the amount of variants, which are developed simultaneously. Furthermore, 
the PPCI can also be calculated as a number, called effort points [EP]. 
 
Figure 25: Calculating project’s development effort over time 
6.3.3 Stage 3 – Application of complexity strategies 
In the third stage, the complexity strategies are presented for company’s complexity optimization. In literature, 
a vast number of different single approaches for managing complexity are described (Gießmann, 2010, pp. 57-
70). However, there is no specific instruction, which approaches are the most effective for managing a specific 
complexity problem. Approach’s application depends on the particular situation and must be planned company-
specific. Generally, the approaches can be divided in 4 categories according to their focus: Product, product 
portfolio, process and organization (Gießmann, 2010, pp. 57-70). The approaches are mainly used for complexity 
reduction, mastering and avoidance. Table 30 presents an overview about the different approaches and their 
main purposes. The basis for Table 30 was our literature analysis. 
  
n
#1 3.0l AT T0
#2 2.5l AT T1
#3 2.5l MT T2
#4 2.0l AT T1
#5 2.0l MT T3
PPCI:   ∑ 2.4 EP




















0.33 0.33 0.33 0.65 0.50 0.25
A B C D E F
WFVariant n
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Table 30: Applied single approaches for complexity management 
Focus Approaches 
Complexity strategies 
Reduction Mastering Avoidance 
Product 
Modular concept + + + + + + 
Modular system + + + + + + 
Standardization + + + + + + 
Using same parts + + + + + + 
Platform concept + + + + + + 
Differential construction + + + + + + 
Integral construction + + + + + + 
Product  
portfolio 
Packaging + + + + +  
Reducing product range + + +  + + 
Reducing of customers + + +   
Process 
Postponement concept + + + + + + 
Standardization of processes + + +  + + 
Modularity of processes + + + + + + 
Organization 
Delayering + + +   
Empowerment + + +   
Explanation + + + Priority 1   + + Priority 2      + Priority 3 
 
In our research project, we applied different single approaches for complexity reduction, mastering and 
avoidance in the categories product, product portfolio and process. The effects resulting of an approach’s 
application are evaluated with our 3 indices to identify the approach’s effectivity. Table 31 and Table 32, as 
well as Figure 26 show 3 examples from our research project. In the first example (see Table 31), we use 
product standardization to reduce the variety in the categories turbocharger (C2) and valve controlling (C3) 
in project #2. After product standardization, the current development project has 1 turbocharger and 2 valve 
controlling systems. Thus, the PDCI was reduced from 40% to 12%. 
Table 31: Application of product standardization, focused on PDCI 
PDCI 
Product standardization 
in the categories  
C2 and C3 
Product Complexity Driver’s Categories Cn 
C1 
  
C2 C3 C4 C5 C6 C7 
Variety in Cn Project #1 2 1 1 2 1 2 1 
Variety in Cn Project #2 2 2  1 3  2 1 1 1 2 
△CnProject#1#2 0% 0% +100% -50% 0% -50% +100% 
Weighting factor WFCn 0.8 1.0 1.0 0.6 0.7 0.9 0.6 
Result PDCI: +40%  +12% (Complexity Reduction) 
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Next, process standardization and modularization were applied in category PrC1 (see Table 32). Different 
process steps were standardized and modularized to reduce the number from 7 process steps to 5. The PRCI 
was reduced from 26% to 18%. 
Table 32: Application of process standardization and modularization, focused on PRCI 
PRCI 
Process standardization and 
modularization in the category 
PrC1 




Variety in PrCn Project #1 6 2 5 
Variety in PrCn Project #2 7  5 3 6 
△PrCnProject#1#2 -17% +50% +20% 
Weighting factor WFPrCn 0.7 1.0 0.8 
Result PRCI: +26%  +18% (Complexity Reduction) 
 
In the third example, we reduced product portfolio’s complexity, development efforts and costs by reducing 
the product range (see Figure 26). Based on a cost-benefit analysis, company’s experts decided to remove the 
variants #3 and #4 with weighting factors of 0.5 and 0.2 from the product portfolio. The PPCI was decreased 
from 2.4 to 1.7 effort points. In period D and E, the development effort also decreased from 0.65 EP (period 
D) and 0.5 EP (period E) to 0.20 EP (period D) and 0.25 EP (period E). 
 
Figure 26: Application of ‘reducing product range’, focused on PPCI 
6.3.4 Stage 4 – Complexity planning and controlling 
Complexity planning and controlling are important elements for a target-oriented complexity management. 
They provide a leverage point for an active complexity adjustment and help the company to prevent costs 
(Kirchhof, 2003, pp. 166-167). Company’s capacity planning contains planning of resources (Schuh, Millarg 
n
#1 3.0l AT T0
#2 2.5l AT T1
#3 2.5l MT T2 Red.
#4 2.0l AT T1 Red.
#5 2.0l MT T3
PPCI:   ∑ 2.4 EP
∑ 1.7 EP
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and Göransson, 1998, p. 49) and is an important factor for company’s competitiveness (Krüger and Homp, 
1997, p. 10). Furthermore, it is the basis for complexity controlling (Jania, 2004, p. 16). Resources can be 
separated in tangible (e.g. equipment, facility) and intangible (e.g. technology, image) resources (Hungenberg, 
2001, p. 116). To reduce costs and time, it is necessary to apply the resources efficiently. In product develop-
ment, resources have a particular relevance, because the amount of available resources is restricted. Based on 
our research, product development’s complexity has a high influence on the required resources and their 
planning. A detailed complexity planning increases transparency and enables the management to simulate 
different development scenarios to identify the optimum. 
Complexity costs can be separated into direct and indirect costs. Direct costs consist of continuous (e.g. costs 
for serial supervision) and nonrecurring costs (e.g. test vehicle, test engine). Indirect costs are costs, which 
generate no benefit growth (e.g. costs for increasing product range have no benefit, because of product 
cannibalization) (Gießmann, 2010, p. 39).  
In our research project, we developed a complexity planning model based on literature and the results of 
complexity analysis and evaluation. The complexity indices are particularly important for this.  
Kersten, Lammers and Skirde (2012, pp. 28-30) developed a complexity vector with 2 dimensions for complexity 
driver’s visualization and operationalization. The dimensions describe different points of view regarding 
complexity’s occurrence and can be weighted. Different complexity drivers can be visualized in the vector space 
and can thereby be compared with each other. The visualization can be used as a starting point for different 
strategies in complexity management. According to Kersten, Lammers and Skirde (2012), we developed a 
complexity vector CI⃗  with the 2 dimensions product complexity index (PDCI) and process complexity index 
(PRCI). The 2 dimensions have the same weighting. 
CI⃗  = PDCI
PRCI
 
Vector CI⃗  is visualized in the vector space. Vector’s length CI⃗  represents development project’s complexity. 
The distance between 2 complexity vectors describes the proportion of complexity reduction. The distance is 
calculated with Pythagoras’ theorem. 
CI12⃗  = PDCI1-PDCI22+PRCI1-PRCI22 
In the first step of our complexity evaluation, we identified a PDCI1 with 40% and a PRCI1 with 26% (see 
subsection 6.3.2) and generated the vector CI⃗  (see Figure 27). After complexity evaluation, we applied different 
single approaches to reduce the complexity indices (see subsection 6.3.3). PDCI2 (12%) and PRCI2 (18%) are 
the basis of vector CI⃗ . The distance between CI⃗  and CI⃗  is the proportion of complexity reduction. In our 
case study, the application of different single sources resulted in a complexity reduction of 29% in total. 
For complexity planning, the length of CI⃗  is important, because it is directly associated to development 
project’s complexity, development efforts and the amount of required resources (see Figure 27). Thus, the 
amount of required resources is directly proportional to the length of CI⃗  and the PPCI. The length of CI⃗  is 
22%, thus the amount of resources in the periods A until F are also increased by this percentage. 
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Figure 27: Complexity vector’s influence on development effort 
For calculating the precise amount of required resources (e.g. test vehicles), we determined a resource factor 
(RF) based on process analysis, expert interviews and workshops (e.g. 7 test vehicles per effort point). The 
resource factor represents the amount of resources, which are required for a specific development effort. With 
the resource factor, the development efforts [EP] in each period can be translated in a precise amount of 
required resources. In Figure 28, we calculated the amount of test vehicles in period A based on the amount of 
effort points in period A and the resource factor for test vehicles. The calculation is based on Figure 27. This 
procedure was used analogously to develop cost factors for calculating development costs. 
 
Figure 28: Calculating required resources based on resource factor 
In product development, complexity controlling enables the management to compare the actual development 
efforts or costs of different projects with the planned values to identify weaknesses, potentials and to influence 
company’s development activities. The objective is to develop a complexity controlling system to fulfill these 
requirements and to provide a methodical principle (Jania, 2004, pp. 15-17). For complexity controlling, key 
performance indicators (KPIs) were used to gain transparency and to apply specific strategies in product 
development. KPIs in different projects or function levels can be compared with reference values to identify 
discrepancies and increasing complexity (Gleich and Klein, 2013, pp. 49-53). Furthermore, KPIs are used to 
achieve company’s objectives and are defined company specific (Kersten, 2011, p. 17). KPIs can be defined by 
comparison of costs and benefits (Gleich and Klein, 2013, p. 53). Based on Kersten, Gleich and Klein (2013), 
PPCI:   ∑ 1.7 EP
PPCI2: ∑ 2.1 EP
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we developed a project KPI (KPIProject n) by comparing the applied amount of resources (NResources Project n) and 
project’s PPCI. KPIs are compared with reference values to identify discrepancies. 




Figure 29 shows an example with 2 projects (A and B) in period A. The projects have different PPCIs, but 
the amount of applied resources (test vehicles) is equal. To compare the projects, the project KPIs for A and 
B are determined and compared with the reference value. In our case study, the reference is the resource factor 
for test vehicle. As comparison’s result, project A is more efficient than project B (KPIProject A < KPIProject B). 
However, both projects show differences according to the reference value. If the reasons for the differences are 
unclear, a further complexity analysis in stage 1 can be started. With this method, other KPIs can be developed 
analogously, such as for test engines or development costs. 
 
Figure 29: Calculating KPIs and comparison with reference values 
6.4 Results and discussion 
The result of this chapter is a 4-stage praxis-oriented approach for managing complexity in variant-rich product 
development. The approach was developed based on a detailed literature analysis and applied on a recent 
development project in the automotive industry. This chapter describes the objectives and requirements of 
complexity management approaches and characterizes the product development by the following 3 categories: 
Product, product portfolio and process. Based on these categories, the complexity drivers are derived and 
described. For this research, we determined 2 research questions, which will be answered in the following 
manner. Before developing a new approach, the existing literature must be identified, analyzed and evaluated 
systematically (RQ1). The identified approaches are analyzed according to their structure and focuses (RQ2). 
In literature, 47 complexity management approaches exist. However, an approach, which fulfills all 
requirements in total or partially does not exist yet.  
In summary, our approach applies all steps and categories and fulfills all requirements in total (see Table 33). 
In all stages, we described different methods, which can be applied easily by the user. The new approach 
RFTest Vehicle = 7
Vehicles
EP















N: 4 N: 2
Planned Applied
N: 4
Project B - Period A 
(PPCIB: 0.30 EP)
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consists of a modular structure and a recurring cycle. The approach is focused on the 3 categories product, 
product portfolio and process and enables a detailed complexity analysis by identifying the complexity problem, 
the complexity drivers and their interdependencies (see subsection 6.3.1). After complexity analysis, project’s 
complexity is evaluated and optimized by applying different complexity single approaches (see subsection 6.3.2 
and 6.3.3). In the last stage, we developed an approach for capability and resource planning, as well as 
complexity controlling by the application of key performance indicators (KPIs). 
Table 33: Evaluation of our new complexity management approach 
Evaluation of the new complexity management approach for variant-rich product development 























































































































































































































































































































● ● ● ● ● ● ● ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 
 Explanation:   
  ●  The new complexity management approach comprises the following content 
 ++ The new complexity management approach fulfills the following requirement 
6.5 Conclusion 
This chapter’s purpose was to close the research gap by analyzing existing literature and developing a praxis-
oriented complexity management approach for variant-rich product development. In literature, such an 
approach does not exist yet. The existing approaches are focused on specific issues and do not fulfill all 
requirements in total or partially. This research covers this literature gap. It provides a 4-stage complexity 
management approach and encourages the reader to manage product development’s complexity. The approach 
was first applied in the automotive industry and was verified in the toy industry. Future research may include 
other sectors.  
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7 Complexity management approach 
for resource planning in variant-rich 
product development 
7.1 Introduction 
„Any customer can have a car painted any color that he wants so long as it is black.“  
Henry Ford 
This famous statement by Henry Ford describes a time, where the fulfillment of individual customer wishes 
was not even up for debate (Kesper, 2012, p. 1). Ford established the mass production in the automotive 
industry between 1911 and 1914 and hereby initiated the change from customer-individualized cars to 
standardized mass products (Lasch and Gießmann, 2009a, p. 195). One hundred years later, customer’s 
requirements and their position of power have increased strongly. The challenge of the 21st century has become 
producing and providing individualized and complex products by the use of standardized, lean and complexity 
reduced processes (Lasch and Gießmann, 2009a, p. 195). During the last years, continuous customer’s 
requirements for individualized products and the increasing dynamics in innovation and technology lead to an 
increased product variety and complexity in many industrial branches. Furthermore, markets are changing 
from sellers to buyers markets, caused by differentiated customer requirements and heterogeneity and the 
resulting necessity to create more individualized products (Wildemann, 2005, p. 34; Schuh, Arnoscht and 
Rudolf, 2010, p. 1928). Today, manufacturing companies have changed their product portfolio from “standard, 
high-volume products to more exotic, low-volume products and product variants” (Götzfried, 2013, p. 31). For 
company’s success, it is fundamental to bring new products quickly to the market (Augusto Cauchick Miguel, 
2007, p. 617) and with customized settings (Lübke, 2007, p. 2).  
When translating this principle to the automotive industry, for company’s success and to be competitive, the 
automotive manufacturers have to bring innovative, individualized and complex cars in high quality and at 
low costs quickly to the market (Klug, 2010, p. 41). Globalization, internationalization, individualization and 
new technologies are reasons for the increasing product variety in the automotive industry (Klug, 2010, p. 41; 
Schoeller, 2009, p. 1). Furthermore, the requirements for electronical devices, safety and comfort lead also to 
an increase in product variety and complexity. In the strategic product planning of an automotive company, 
niche vehicles gain more and more importance, because new and smaller market segments have to be attended 
to (Klug, 2010, p. 41). Simultaneously, the innovation cycles have to be shortened due to market dynamics 
and lead to a further increase of complexity within the companies (Schoeller, 2009, p. 1). Another important 
factor that is currently being discussed is the fulfillment of legal environmental standards by the automotive 
manufacturers.  
Due to the growing legal and social requirements, the companies have to accept the challenge to produce 
environmentally friendly cars and engines. Therefore, the fulfillment of legal environmental standards becomes 
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a competitive factor. The manufacturers are forced to ensure the environmental compatibility of their products 
by developing new innovations (Ruppert, 2007, p. 80). As a result of this, more and more country and 
technological specific parts and products have to be developed and produced. This leads to an increased effort 
in product development and production (Klug, 2010, p. 41) and in resource application. In production, the 
amount of different product variants, caused by customer’s requirements, determines an increase of required 
resources (Hanenkamp, 2004, p. 9). In product development and other parts of the value chain, the amount of 
required resources is also associated with the amount of different product variants. For example, procurement’s 
effort is also connected with the amount of required resources. Thus, it is important that variant’s appearance 
occurs at the end of the value chain (Franke and Firchau, 2001, p. 9).   
Product development is one of the most complex and nontransparent tasks and uncertain processes within the 
company and is confronted with several complexity factors, such as demand variety, uncertain objectives, 
environmental dynamics, high time pressure and restricted resources (Bick and Drexl-Wittbecker, 2008, p. 20; 
Davila, 2000, p. 386; Specht and Beckmann, 1996, pp. 25-26; Wildemann, 2012, p. 202). Product development’s 
complexity is caused by a variety of internal and external sources, called complexity drivers (Dehnen, 2004, 
pp. 33-35). Complexity drivers describe a system’s complexity and help to evaluate and handle it (Vogel and 
Lasch, 2015, pp. 98-99). Complexity management is a strategic issue for companies to be competitive 
(Miragliotta, Perona and Portioli-Staudacher, 2002, p. 383). Complexity, variety and the use of resources are 
closely connected. The complexity level has a high influence on the amount of required resources (Bohne, 1998, 
pp. 9-10). Thus, an approach that combines resource planning and complexity is required. 
The purpose of this chapter is to present a praxis-oriented complexity management approach for resource 
planning in variant-rich product development. The resource planning comprises the quantitative planning of 
human and material resources over time. The approach was developed based on literature and encourages the 
reader to calculate the required resources within a variant-rich development project, for example in the 
automotive industry. Section 7.2 gives a literature overview about the properties, requirements and objectives 
on the issues complexity management, product development and resource planning. Furthermore, an overview 
of existing complexity management approaches and their applicability for resource planning in different fields 
is presented. As a result of the analysis of the existing complexity management approaches, only 1 complexity 
management approach comprises a methodology for resource planning. Based on the existing methodology, a 
new complexity management approach for resource planning in variant-rich product development was 
developed and described in section 7.3. Furthermore, the new approach is applied on a recent development 
project for hybrid powertrains in the automotive industry. Section 7.4 concludes the chapter and closes the 
research gap with implications for future research. 
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7.2 Literature review 
7.2.1 Complexity management 
The origin of the term complexity comes from the Latin word “complexus”, which means “extensive, 
interrelated, confusing, entwined or twisted together” (Pfeifer et al., 1989, p. 889; Grübner, 2007, pp. 40-41; 
Gießmann, 2010, p. 30; ElMaraghy et al., 2012, p. 794; Miragliotta, Perona and Portioli-Staudacher, 2002, 
p. 383). This is similar to the Oxford Dictionaries (2014) definition of “complex”: Something is complex if it is 
“consisting of many different and connected parts” and it is “not easy to analyze or understand”. Based on 
systems theory, complexity is characterized by the amount and diversity of system’s elements, the amount and 
type of dependencies, as well as the variation of the elements and their dependencies over time (Kersten, 2011, 
p. 15). According to Schuh (2005), complex systems are characterized by the variety of their states (Schuh, 
2005, pp. 34-35). Complexity is a phenomenon and evolutionary process, which presents a challenge, especially 
for science and engineering. Complexity is characterized through change, choice and selection, as well as 
perception and progress. Furthermore, complexity is intensified through innovations in products and processes 
(Warnecke, 2010, p. 639).  
Complexity has been discussed in several fields of research, such as physics, biology, chemistry, mathematics, 
computer science, economics, engineering and management, as well as philosophy (Isik, 2010, p. 3682; 
Bozarth et al., 2009, p. 79). In scientific literature, there are many different definitions for the term 
“complexity”, because the meaning is vague and ambiguous. There is no explicit, universal and widely accepted 
definition (Riedl, 2000, pp. 3-7; Brosch and Krause, 2011, p. 2; ElMaraghy et al., 2012, p. 794). As a result, 
the term “complexity” is often used synonymously with the term “complicated” (Gießmann, 2010, p. 30). 
According to Meijer (2006, p. 1), “complexity is in the eye of the beholder”. Complexity is driven by the 
sensation or perspective of an individual. What is complex to someone, might not be complex to another 
(Leeuw, Grotenhuis and Goor, 2013, p. 961; Grübner, 2007, p. 41). 
There are 2 types of complexity: Good and bad. The good type of complexity is necessary. It helps a company 
to gain market shares and is value adding. On the other hand, bad complexity brings little value, reduces 
revenue and causes excessive costs (ElMaraghy et al., 2012, p. 811; Isik, 2010, p. 3681). 
In scientific literature, increasing complexity is related to increasing costs (Meyer, 2007, p. 94). For example, 
additional costs are generated due to an increase of product and process variety, because of modifications in 
product design and processes, which may also have unpredictable effects on the whole product development 
process (Aggeri and Segrestin, 2007, p. 38). Managing a system’s complexity requires an optimum fit between 
internal and external complexity (Schuh, 2005, pp. 34-35). According to Schuh (2005, p. 35), managing system’s 
complexity comprises 4 tasks: Designing the necessary variety, handling variety-increasing factors, reducing 
variety and controlling complex systems. Generally, complexity is caused by internal and external factors, 
called complexity drivers (Meyer, 2007, pp. 26-27). Complexity drivers describe a system’s complexity and help 
to evaluate and handle it (Vogel and Lasch, 2015, pp. 98-99). Complexity management is a strategic issue for 
companies to be competitive (Miragliotta, Perona and Portioli-Staudacher, 2002, p. 383). According to 
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ElMaraghy et al. (2012, p. 809), complexity management is a business methodology with the objective of 
complexity analysis and optimization within a company. In literature, complexity management has several 
objectives. The main objectives are complexity reduction, mastering and avoidance (Wildemann, 2012, p. 69; 
Lasch and Gießmann, 2009a, p. 198; Schuh and Schwenk, 2001, pp. 32-40; Kaiser, 1995, p. 102). Wildemann 
(2012, p. 69) defines these objectives as the 3 main strategies for complexity management in a company. Other 
important objectives are complexity identification and evaluation, as well as the determination of the optimum 
complexity degree (Krause, Franke and Gausemeier, 2007, pp. 15-16). Dehnen (2004, p. 99) argues further that 
complexity management’s objective is to concentrate the available resources in an optimum way regarding 
company’s strengths and weaknesses and market’s opportunities and risks. 
Complexity management requires approaches for complexity’s understanding, simplification, transformation 
and evaluation (Hünerberg and Mann, 2009, p. 3). The objective of a successful complexity management 
approach is to ensure a balance between external market’s complexity and internal company’s complexity 
(Rosemann, 1998, p. 61; Kaiser, 1995, p. 17). For company’s success, it is necessary to implement a complexity 
management in company’s management process as an integrated concept (Kersten, 2011, pp. 17-18). 
Today, complexity management is a very important issue for the automotive industry, because it is confronted 
with high complexity, costs and inefficiency along the value chain. Product complexity is the main complexity 
factor in the automotive industry (Schoeller, 2009, p. 6). Increasing complexity is one of the biggest challenges 
that manufacturing companies face today (ElMaraghy et al., 2012, p. 793). 
7.2.2 Product development 
During the last years, complexity in product development, especially for complex products, has continuously 
increased, but has not been addressed in literature and practice satisfactorily yet (ElMaraghy et al., 2012, 
p. 797). Firms in many industries are confronted with increasing global competition and changing market 
demands to bring innovative products in higher quality to the market more frequently (Ragatz, Handfield and 
Petersen, 2002, p. 389). For manufacturing companies, product development is an important source to be 
competitive and to gain a competitive advantage over other business firms (Schaefer, 1999, p. 311). Product 
development is one of the most complex and nontransparent tasks and uncertain processes in the company 
(Bick and Drexl-Wittbecker, 2008, p. 20; Davila, 2000, p. 386; Specht and Beckmann, 1996, pp. 25-26). Product 
development’s objective is “to translate an idea into a tangible physical asset” (Davila, 2000, p. 385). Further, 
product development’s task is to develop new products for established markets (Bloech et al., 1998, 
pp. 121-122). Krishnan and Ulrich (2001, p. 1) follow the definition of Davila and Bloech et al. and define 
product development as the “transformation of a market opportunity and a set of assumptions about product 
technology into a product available for sale”. During the development process, information and material, as 
well as energy are converted (Schlick, Kausch and Tackenberg, 2008, p. 95). 
Demand’s diversity regarding a certain product is important for product development. For product’s success, 
it is important that the product fulfills all customer’s requirements so that they are willing to buy it. For 
company’s success, it is important that the sales market for the offered goods is adequate and the service 
provision is economical. This concerns all fields along the value chain, such as product development, production, 
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assembly, procurement, logistics etc. (Ponn and Lindemann, 2008, p. 273). Furthermore, 80% of product’s costs 
are defined during the product development process (Bayer, 2010, p. 89). Therefore, an exact definition of 
market’s and customer’s demands regarding the product is essential (Kairies, 2006, p. 104). Product 
development time is also a major factor for company’s success, because development’s quality and costs are 
related to time (Murmann, 1994, p. 237). The development costs comprise all expenditures regarding the 
development project. These include for example the required resources and working materials (Dellanoi, 2006, 
p. 56). Product development’s costs are influenced by the variety of the different development tasks and the 
required resources (Zich, 1996, p. 10). Development costs gain more and more importance, because the increase 
of variants in the product portfolio results in a reduction of the sold amount per developed product variant 
(Dellanoi, 2006, p. 56). Ragatz, Handfield and Petersen (2002, p. 390) identify in their research that in 
literature, product development is described as a core process for the new global economy’s success. In the last 
years, the development time of industrial goods has been strongly reduced. Reasons for this trend are customer’s 
behavior change, hardly predictable market fluctuations and increasing globalization. As a consequence of this, 
product development processes have to adjust to the changed boundary conditions often and quickly (Krause, 
Franke and Gausemeier, 2007, p. 89). 
Modern products are often complex products, because they consist of “thousands of parts and take hundreds 
of manufacturing and assembly steps to be produced”. Most complex products comprise mechanical and 
electrical components, as well as software, control modules and human-machine interfaces (ElMaraghy et al., 
2012, p. 793). Thus, it is important to develop products, which can be derived from other products (Krumm, 
Schopf and Rennekamp, 2014, p. 195).  
Complexity in product development is influenced by several internal and external sources (Dehnen, 2004, 
pp. 33-34; Ophey, 2005, p. 19), called complexity drivers. Puhl (1999, p. 31) and Perona and Miragliotta (2004, 
p. 104) describe complexity drivers as factors or indicators, which influence a system’s complexity. Internal 
sources comprise products, processes and technologies. The market with its trends, competitors, customer 
requirements and restrictions by law are external sources (Ophey, 2005, p.19). According to Wildemann (2012, 
p. 202), complexity in product development is caused by demand variety, uncertain objectives, dynamics, high 
time pressure and restricted resources.  
Product development’s complexity has mainly increased in 2 aspects: Product complexity and process 
complexity (Tomiyama and D’Amelio, 2007, p. 473). Product complexity is characterized by its product design, 
the number of parts, elements or materials and their interdependencies, as well as the dynamics of product’s 
introduction or change (Edersheim and Wilson, 1992, pp. 27-33; Kirchhof, 2003, p. 40). For product’s 
complexity increase, further reasons are the rapid technological development and the fact that products have 
become “significantly multi-disciplinary or even inter-disciplinary” (Tomiyama and D’Amelio, 2007, p. 473). 
Process complexity is mainly characterized by the amount of different development tasks and their inter-
dependencies (Lenders, 2009, p. 17), the process design and dynamics, as well as the multidimensional target 
expectation (Edersheim and Wilson, 1992, pp. 28-34; Klabunde, 2003, p. 8; Kirchhof, 2003, p. 40). Process 
design comprises the number of direct and indirect process steps, their interdependencies, the design of process 
interfaces, the level of difficulty, as well as the controllability and consistency of each step. Process dynamics 
refer to the rate, at which processes or product design and operational parameters (e.g. tolerances) are changing 
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(Edersheim and Wilson, 1992, pp. 28-34; Klabunde, 2003, p. 8; Kirchhof, 2003, p. 40). Furthermore, process 
complexity describes the multidimensional demand for a structural coordination between different interfaces 
(Dehnen, 2004, p. 34) and can be attributed to the stakeholders’ involvement in the product development 
process (Tomiyama and D’Amelio, 2007, p. 473). More and more stakeholders are involved during the 
development process and their roles are often changing. This leads to an increase in process complexity. It is 
seen that these 2 aspects, product and process complexity, make the development of modern products extremely 
difficult (Tomiyama and D’Amelio, 2007, p. 473). Another important aspect in product development is product 
portfolio complexity (Vogel and Lasch, 2015, p. 101). Product portfolio complexity is determined by the product 
range or the variant range, the number of their elements and the dynamics of product portfolio’s variability 
(Kirchhof, 2003, p. 40; Lübke, 2007, p. 173; Schoeller, 2009, p. 50). In literature, the previously mentioned 3 
aspects are also described as categories. The 3 complexity drivers ‘product complexity’, ‘process complexity’ 
and ‘product portfolio complexity’ are derived from these categories (Vogel and Lasch, 2015, p. 101). As a 
result of this, managing and controlling product development’s complexity requires an understanding of the 
types and sources of complexity, as well as the development of methodologies and metrics for sustainable 
competitiveness (ElMaraghy et al., 2012, p. 798). Thus, a detailed complexity analysis in these 3 categories is 
necessary (Dehnen, 2004, p. 9). Keuper (2004, p. 82) describes that handling a company’s complexity depends 
on its complexity drivers. Thus, complexity drivers play a significant role for complexity management.   
The product development process is further characterized by uncertainty, which results from the ambiguity 
about target’s achievement (Lenders, 2009, p. 17). That includes uncertainties in time, resources, market, 
technology and organization (Thiebes and Plankert, 2014, pp. 167-168). Time uncertainty comprises the 
ambiguous target achievement at the planned date (Lenders, 2009, p. 17). Resource uncertainty concerns the 
amount’s ambiguity of the required financial and personnel resources at project’s beginning. Market uncertainty 
results from the insufficient information about market’s requirements and conditions (Thiebes and Plankert, 
2014, p. 167), as well as the changing of customer’s requirements over time (Thiebes and Plankert, 2014, 
pp. 167-168; Dehnen, 2004, pp. 37-38). Technological uncertainty refers to an inadequate knowledge about 
science and technology (Thiebes and Plankert, 2014, p. 168; Herstatt, Buse and Napp, 2007, p. 11). 
Organizational uncertainty is determined for example by the manager of a project team or company’s higher 
management (Steinhoff, 2006, pp. 38-39). 
In principle, the product development process is structured in different phases. Each phase is based on the 
results of the previous development phase (Bick and Drexl-Wittbecker, 2008, p. 69). Krause, Franke and 
Gausemeier (2007, p. 89) define a process as sequence of operations, which interact and convert inputs to 
results by the use of resources. Product development process is often the longest part of bringing a product to 
market (Govil and Proth, 2002, p. 103). Dehnen (2004, p. 23) describes in his PhD-thesis 3 phases, which are 
often arranged sequentially: Planning phase, concept phase, as well as product and process realization phase. 
Davila (2000, p. 385) extends the description of Dehnen and describes in his publication 5 phases, which are 
also arranged sequentially: Planning phase, concept phase, product design, testing and production start-up. In 
this chapter, the description of Dehnen (2004, p. 23) and Davila (2000, p. 385) are combined in a 5-phases-
model, consisting of planning phase, concept phase, product and process realization phase, testing and 
production start-up (see Figure 30). 
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Figure 30: Phases of the product development process according to Dehnen and Davila 
The content and objectives of the different phases are described as follows: 
■ Planning phase  
Product development’s starting point is the product idea, initialized by internal or external information 
(Dehnen, 2004, p. 23). The objective of the first phase is to concretize the requirements and the course of 
the development project (Davila, 2000, p. 385; Dehnen, 2004, p. 24; Lenders, 2009, pp. 11-12). During the 
planning phase, the organization defines the product characteristics and the target markets based on 
customer requirements, economic market changes, technological trends and the competitors (Davila, 2000, 
p. 385; Dehnen, 2004, p. 24). Based on these, the product portfolio is specified (Albers and Gausemeier, 
2012, pp. 18-19). Product portfolio consists of all products, which are offered on the market by the company 
(Ponn and Lindemann, 2008, p. 399) and is classified in product’s range diversity and depth (Renner, 2007, 
p. 12). The diversity of product’s range is described by the amount of different product types (e.g. cars, 
trucks). Product’s range depth comprises the amount of different product variants (e.g. limousine, roadster, 
SUV) (Renner, 2007, p. 12). Furthermore, within the planning phase, the availability of the required 
personnel, technical and financial resources are checked, because they are the basis for development 
project’s successful completion (Ulrich and Eppinger, 2000, p. 16). At the end of the planning phase, the 
qualitative targets regarding product’s characteristics, milestones, etc. are transferred to the product 
specification book (Dehnen, 2004, p. 24). 
 
■ Concept phase  
In the second phase, the requirements of the product specification book are concretized more in detail 
(Davila, 2000, p. 385; Dehnen, 2004, p. 24), for example, target costs, technological performance, customer 
interfaces, market release dates and organizational resources (Davila, 2000, p. 385). The objective of the 
second phase is to define product’s concept based on the product architecture. The product architecture 
represents the implementation of the planned product functions into a tangible physical structure (Dehnen, 
2004, p. 24). During the concept phase, different product architectures are defined based on the product 
specification book (Dehnen, 2004, pp. 24-25; Thiebes and Plankert, 2014, p. 167). However, the product 
architecture, which fulfills all requirements is the basis for product’s concept. At the end of the concept 
phase, the specific targets regarding costs, time and quality are transferred to the functional specification 
















Process phase Milestone Iterative Cycle SoP Start of Production
7 Complexity management approach for resource planning in variant-rich product development 179 
 
■ Product and process realization phase  
In the third phase, the physical products and processes are developed (Dehnen, 2004, p. 25; Davila, 2000, 
p. 385). The objective is to realize the presettings of the functional specification book (Dehnen, 2004, p. 
25). During the third phase, the particular parts, components and modules are developed and the 
corresponding processes for production and procurement are determined based on the functional 
specification book (Dehnen, 2004, p. 26). 
 
■ Testing 
During the fourth phase, the developed parts, components and modules, as well as the corresponding pro-
cesses are tested and compared with the functional specification book (Dehnen, 2004, p. 26). The objective 
is to confirm that the product fulfills all requirements and is prepared for its release (Davila, 2000, p. 385). 
If the presettings of the functional specification book are not fulfilled, the product and process realization 
phase is passed through again (Dehnen, 2004, p. 26) and the product specifications or the product concept 
are reevaluated (Davila, 2000, p. 385). Therefore, the development process is an iterative process and not 
a linear process as previously explained (Davila, 2000, p. 385; Dehnen, 2004, p. 25). 
 
■ Production start-up  
In the last phase, the test and pilot series are used to check, in what way the time, quality and cost targets 
can be realized for serial production. Potential failures and disturbances have to be identified and elimi-
nated. Subsequently, the product release and the start of production (SoP) occur (Dehnen, 2004, p. 26).  
The complexity management approach for resource planning in variant-rich product development, which is 
presented in section 7.3, is focused on the first phase in product development, the planning phase. According 
to literature, within the planning phase, the product portfolio is specified (Albers and Gausemeier, 2012, pp. 
18-19) and the availability of the required personnel, technical and financial resources are checked (Ulrich and 
Eppinger, 2000, p. 16). The required resources in product development are directly related to the variety in 
product and process (Franke and Firchau, 2001, p. 9; Bohne, 1998, p. 33) and complexity (Bohne, 1998, 
pp. 9-10). Product variety causes an increased product development effort, because variety is often built at the 
beginning of the value chain (Bick and Drexl-Wittbecker, 2008, p. 15). Zich (1996, p. 11) argues that the 
adaption of existing product variants to create new variants is associated with an additional use of resources. 
Process variety has also an impact on the required resources within a project (Bohne, 1998, p. 33). Product’s 
and process’ variety are complexity drivers, which have to be managed. According to Collinson and Jay (2012, 
p. 33), complexity wastes resources, because things are done, which are not value adding. Thus, an approach, 
which combines resource planning and complexity management is required in the planning phase to avoid a 
waste of resources. With the resource planning, the required resources can be evaluated at an early stage within 
a development project. 
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7.2.3 Resource planning 
Resource planning comprises the quantitative planning of human, material and financial resources over time 
within a project (Berner, Kochendörfer and Schach, 2013, p. 219). Resources are required for the development 
of new products (Wleklinski, 2001, p. 27). The employees within a development project use resources for their 
development work (Schlick, Kausch and Tackenberg, 2008, p. 95), which have to be procured. Procurement’s 
objective is to provide all required objects for the company, which are not produced by itself (Arnold, 1997, 
p. 3). The procurement of resources, equipment and working materials is material management’s objective 
(Harlander and Platz, 1991, p. 16). The success of a development project is connected with the amount of 
available resources. In successful development projects, the required resources are available in a higher 
proportion than in less successful projects (Wleklinski, 2001, p. 27). However, the qualitative and quantitative 
amount of the resources is restricted (Zich, 1996, p. 10). Thus, resources play a significant role for product 
development’s effort and have to be applied efficiently (Wleklinski, 2001, p. 27). In the case of resource’s 
shortage, company’s departments have to use the available resources together. Thereby, it is necessary to find 
an optimum way for resources’ division (Adam, 1998, pp. 37-38). 
The term “resource” describes everything that is available in the company and directly or indirectly accessible 
(Müller-Stewens and Lechner, 2003, p. 357). In literature, resources are classified in several different ways. 
Resources are often differentiated in tangible and intangible resources. Tangible resources are physical available 
resources within the company, for example equipment, facilities, machineries or capital assets. In contrast, 
intangible resources are not physically available, these include know-how, intelligence, brands, image or patents 
(Stirzel, 2010, p. 119). Further, Stirzel (2010, p. 119) classifies resources according to their origin in internal 
and external resources, regarding their character in material and immaterial resources and regarding their type 
in financial, physical, human and technological resources. Bullinger, Fähnrich and Meiren (2003, p. 278) divide 
resources in material, immaterial and human resources. Dehnen (2004, pp. 84-85) follows the definition of 
Bullinger, Fähnrich and Meiren (2003) and divides the resources also in material, immaterial and human 
resources. For example, material resources are capital assets, machineries, capacities of rooms or laboratories 
or information and communication systems. Immaterial resources are patents, brands, contracts or sales 
channels. Company’s employees, such as engineers or managers belong to human resources. Schönsleben (2011, 
p. 414) introduces a further division and divides resources in consumable (e.g. energy, raw material, tools) and 
producible resources (e.g. products, final goods). According to Wleklinski (2001, p. 27), resources can be 
separated in temporal, financial and technical resources. An overview about the characteristics and origins of 
the different types of resources is shown in Figure 31. 
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Figure 31: Overview about resource’s characteristics and origins 
As already mentioned, complexity, variety and the use of resources are closely connected. The complexity level 
has a high influence on the amount of required resources (Bohne, 1998, pp. 9-10). Collinson and Jay (2012, 
p. 33) argue that complexity wastes resources, because things are done, which are not value adding. Thus, a 
complexity management approach is necessary to avoid the waste of resources.  
7.2.4 Research methodology and results 
This chapter’s purpose is to develop a praxis-oriented complexity management approach for resource planning 
in variant-rich product development. In product development, the amount of required resources is closely 
connected to the amount of different product variants (Franke and Firchau, 2001, p. 9) and their complexity 
(Bohne, 1998, pp. 9-10). Resource planning comprises the quantitative planning of human and material 
resources over time. 
In the first step before developing a new complexity management approach for resource planning, the existing 
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management approaches and their applicability for resource planning has to be described. In the second step, 
the approach is developed based on literature’s findings. 
For the literature review and the development of a new praxis-oriented complexity management approach, the 
following 4 research questions were determined: 
■ RQ 1: What different approaches for complexity management currently exist in scientific literature? 
■ RQ 2: What focus and structure do the existing approaches have? 
■ RQ 3: What approaches contain information about resource planning and are applicable for practice?  
■ RQ 4: What different stages are necessary for a praxis-oriented complexity management approach for  
   resource planning in variant-rich product development? 
Before conducting a literature research, it is necessary to define the right search terms and databases. The 
search terms are based on the words that frame the research questions. Further, the researcher must use a 
“particular grammar and logic“ to conduct a search that will acquire the appropriate publications (Fink, 2014, 
p. 3). In literature, the terms “approach“, “model“, “method“, “concept“, “procedure“ and “framework“ are often 
used synonymously for describing a complexity management approach. Thus, all these terms were used in a 
combination for this literature research. One possibility is to combine the key words and other terms with 
Boolean operators, such as AND, OR and NOT. Further, the operator NEAR can be used to identify literature, 
where the keywords have a close connection to each other. The application of Boolean operators depends on 
the specific database. The research was performed in English and German to extend the results and to prevent 
the elimination of important articles. The following 8 databases, specialized in science and economics, were 
used for the literature research: EBSCOhost, Emerald, GENIOS/WISO, Google Scholar, IEEE Xplore, JSTOR, 
ScienceDirect and SpringerLink. For this research, the time period was restricted between 1900/01/01 and 
2015/12/31.  
Table 34 shows the framework of the literature collections including the applied databases, search terms, 
searching dates and the total number of results. The search resulted in 16,130 literature sources including 
research papers from journals, conference proceedings, books, essays and PhD theses.  
However, several literature sources are found repeatedly. Furthermore, literature research and analysis always 
accumulate many publications, but only a few are relevant. Thus, it is necessary to screen and synthesize the 
results to identify the relevant literature sources (Fink, 2014, p. 5). 
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Table 34: Framework of literature collection 
Database Search terms Date Results 
EBSCOhost 
’complexity’ N3 (approach OR model OR method OR concept OR procedure OR 
framework) 
2016/07/02 768 
’Komplexität*’ N3 (Ansatz OR Modell OR Method* OR Konzept OR 
Vorgehensweise OR Rahmen*) 
2016/07/02 126 
Emerald 
“complexity” AND [approach OR model OR method OR concept OR procedure OR 
framework] 
2016/07/10 156 
“Komplexität?” AND [Ansatz OR Modell OR Method? OR Konzept OR 
Vorgehensweise OR Rahmen?] 
2016/07/10 16 
GENIO/WISO 
complexity ndj2 (approach OR model OR method OR concept OR procedure OR 
framework) 
2016/07/12 696 
Komplexität* ndj2 (Ansatz OR Modell OR Method* OR Konzept OR 
Vorgehensweise OR Rahmen*) 
2016/07/14 796 
Google Scholar 
“complexity” AND (“approach” OR “model” OR “method” OR “concept” OR 
“procedure” OR “framework”) 
2016/07/16 3,122 
“Komplexität*” AND (“Ansatz” OR “Modell” OR “Method*” OR “Konzept” OR 
“Vorgehensweise” OR “Rahmen*”) 
2016/07/26 524 
IEEE Xplore 
complexity NEAR/2 (approach OR model OR method OR concept OR procedure 
OR framework) 
2016/07/28 4,555 
Komplexität* NEAR/2 (Ansatz OR Modell OR Method* OR Konzept OR 
Vorgehensweise OR Rahmen*) 
2016/08/05 0 
JSTOR 
complexity AND (approach OR model OR method OR concept OR procedure OR 
framework) 
2016/08/05 524 
Komplexität* AND (Ansatz OR Modell OR Method* OR Konzept OR 
Vorgehensweise OR Rahmen*) 
2016/08/05 233 
ScienceDirect 
complexity W/3 (approach OR model OR method OR concept OR procedure OR 
framework) 
2016/08/07 3,435 
Komplexität* W/3 (Ansatz OR Modell OR Method* OR Konzept OR 
Vorgehensweise OR Rahmen*) 
2016/08/12 0 
SpringerLink 
complexity NEAR/2 (approach OR model OR method OR concept OR procedure 
OR framework) 
2016/08/15 675 
Komplexität* NEAR/2 (Ansatz OR Modell OR Method* OR Konzept OR 
Vorgehensweise OR Rahmen*) 
2016/08/15 504 
                 Total:  16,130 
 
 
The researched literature was synthesized based on the qualitative content analysis and the aforementioned 
research questions. According to Gläser and Laudel (2010, pp. 197-199), the content analysis is used to analyze 
literature and to identify the occurrences of specified information systematically. Within the qualitative content 
analysis, the information is extracted, formatted and evaluated to answer the research questions. 
The synthesizing process resulted in 48 approaches in the time period between 1992 and 2015 (see Table 35). 
As a result, 56% of the existing approaches are focused on general in manufacturing companies. The remaining 
44% are separated in other fields, such as product development (8%), procurement (2%), production (10%), 
logistics (4%), internal supply chain (16%) and distribution (4%). In total, 2 approaches are focused on 2 fields. 
Only 4 approaches are focused on product development.  
In the next step, the identified approaches are analyzed and described according to their structure and targets 
(see Table 35). Furthermore, the existing approaches are evaluated based on the applicability for resource 
planning. This includes complexity management’s objectives (e.g. complexity analysis and evaluation), product 
development’s characteristics (product, process and product portfolio) and objectives, as well as the principle 
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of resource planning (quantitative planning of resources over time) and their applicability in product 
development. For the evaluation, the following 3 criteria are determined: 
■ Fulfilled (+ +):  Content and precise methods are described 
■ Partial fulfilled (+): Content is described without precise methods 
■ Not fulfilled (-):  Content and methods are not described 
In the first step, the identified approaches are analyzed according to their structure and targets to identify 
commonalities and differences. Generally, 7 stages of complexity management can be identified and were 
applied in literature: Complexity analysis (N: 37; 77%), complexity evaluation (N: 20; 42%), determination of 
complexity strategies (N: 39; 81%), determination of appropriate complexity instruments (N: 11; 23%), 
complexity planning (N: 7; 15%), complexity management’s implementation (N: 10; 21%) and complexity 
controlling (N: 12; 25%). The most applied stages are determination of complexity strategies, complexity 
analysis and evaluation. Thus, these stages are very important for a complexity management approach. In 
literature, 1 approach is identified, which consists of all stages.  
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Table 35: Overview about existing approaches for complexity management and resource planning (Part A) 
Explanation for focus: 
G General in manufacturing companies 




SC Internal supply chain 
D Distribution 
 
Explanation for target and applicability 
for resource planning: 
+ + fulfilled 
+ partially fulfilled 
- not fulfilled 
Focus 
































































































































































Grossmann (1992, pp. 209-213) G ●     ●   ●   - - - - 
Wildemann (1995, pp. 23-24) PR     ● ●       - - - - 
Fricker (1996, pp. 112-114) G ● ●           - - - - 
Warnecke and Puhl (1997, pp. 360-362) G ● ● ●         - + - - 
Bliss (1998, pp. 151-164) G     ●         + + - - - 
Bohne (1998, pp. 91-92) G ● ● ●       ● - - - - 
Rosemann (1998, pp. 60-62) G     ●         - - - - 
Puhl (1999, pp. 45-97) G ●       ●   ● - + - - 
Wildemann (1999a, pp. 66-67) PC     ●         - - - - 
Bliss (2000, pp. 194-208) G     ●         + + - - - 
Westphal (2000, p. 28) L     ●         - - - - 
Miragliotta, Perona and Portioli-Staudacher  
(2002, pp. 382-383, 388-392) 
G ● ● ● ●       - - - - 
Kim and Wilemon (2003, pp. 24-27) PD   ● ●     ●   - - - - 
Kirchhof (2003, pp. 167-243) G ●       ●     - - - - 
Dehnen (2004, pp. 49-61)   PD     ●         + + + + + + - 
Hanenkamp (2004, pp. 59-138) PR     ●   ● ● ● + + - - 
Meier and Hanenkamp (2004, pp. 118-127) SC ●   ● ●       - - - - 
Perona and Miragliotta (2004, pp. 112-114) PR, L ●   ●         - - - - 
Blecker, Kersten and Meyer (2005, pp. 51-52) G ● ●           - - - - 
Geimer (2005, pp. 45-46) SC ●   ●     ●   - - - - 
Geimer and Schulze (2005, p. 102) SC ●   ●     ● ● - - - - 
Anderson et al. (2006, p. 21) G ● ● ●         - - - - 
Greitemeyer and Ulrich (2006, p. 8) G ●   ●   ●   ● + + - - 
Denk (2007, pp. 20-21) G ●   ●         - - - - 
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Table 35: Overview about existing approaches for complexity management and resource planning (Part B) 
Explanation for focus: 
G General in manufacturing companies 




SC Internal supply chain 
D Distribution 
 
Explanation for target and applicability 
for resource planning: 
+ + fulfilled 
+ partially fulfilled 
- not fulfilled 
Focus 
































































































































































Marti (2007, pp. 152-153) G   ● ●         + + - - - 
Meyer (2007, pp. 129-142) D ●   ●       ● - - - - 
Bick and Drexl-Wittbecker (2008, pp. 78-81) G     ●         + + + + - - 
Schuh et al. (2008, pp. 447-448) G ●             + + - - - 
Denk and Pfneissl (2009, pp. 28-32) G ●   ●         - - - - 
Lasch and Gießmann (2009b, pp. 114-118) G ● ● ●   ● ● ● + + + - 
Lindemann, Maurer and Braun (2009, pp. 61-66) PD ●   ●         + - - - 
Blockus (2010, pp. 269-293) G ●   ●   ●   ● - - - - 
Warnecke (2010, p. 641) G ● ● ●         - - - - 
Isik (2011, pp. 422-423) SC ● ● ●       ● - - - - 
Kersten (2011, pp. 15-18) SC ● ● ●         - - - - 
Schawel and Billing (2011, pp. 110-111) G ●   ●         - - - - 
Fabig and Haasper (2012, pp. 17-19) G ●   ● ●   ●   + - + - 
Koch (2012, p. 54) G ● ● ●         - - - - 
Lammers (2012, pp. 85-135) D ● ●   ●       - - - - 
Aelker, Bauernhansl and Ehm (2013, pp. 81-82) SC ● ● ●         - - - - 
Boyksen and Kotlik (2013, pp. 49-52) G ●   ●         - - - - 
Jäger et al. (2013, pp. 342-343) PR, SC ● ● ● ●       - - - - 
Meier and Bojarski (2013, pp. 548-551) G ● ●           + + + + - - 
Serdarasan (2013, pp. 537-538) SC ● ● ● ●       - - - - 
Grimm, Schuller and Wilhelmer (2014, pp. 95-97) G ●   ● ●   ● ● - - - - 
Schöttl et al. (2014, pp. 258-259) PR ● ●   ●       - + - - 
Wassmus (2014, pp. 61-65) G ●   ●     ● ● + + - - - 
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As already mentioned in subsection 7.2.2, complexity in product development is characterized by product 
complexity, process complexity and product portfolio complexity. Furthermore, the amount of required 
resources within a product development project is directly related to its complexity. Based on this, the existing 
approaches are analyzed according to these 3 target categories. Most of the identified approaches have no 
explicit target or focus. Only 2 approaches are focused on all mentioned complexity categories. 
In the next step, the identified approaches are evaluated according to their applicability for resource planning. 
As a result, there is only 1 approach, which fulfills the requirements in total. Furthermore, this approach is 
focused on product development and thus practicable for the following case study. However, the complexity 
management approach from Vogel and Lasch (2015, pp. 109-130) comprises a broader field. Furthermore, the 
order of the different stages is not feasible in practice.  
In principle, the approach from Vogel and Lasch with the 4 stages complexity analysis (stage 1), complexity 
evaluation (stage 2), application of complexity strategies (stage 3) and complexity planning and controlling 
(stage 4) can be applied in this case study. However, during the practical application, it was seen that in 
practice, the users (e.g. managers) want to have a first implication about the calculated total amount of 
required resources before they apply a certain complexity strategy. Furthermore, the practitioners want to 
compare the amount of calculated resources first with project’s objectives, as well as the amount of available 
resources before complexity strategy’s application. In the case that the calculated amount of resources is not 
conform to project’s objectives or exceeds the total amount of available resources, the practitioners apply 
different complexity strategies to adjust the calculated amount of required resources. 
Therefore, a new and structurally optimized approach based on Vogel and Lasch’s findings, especially for the 
field resource planning is developed and presented in this chapter to increase the practicability in practice. 
With the new complexity management approach, the research gap is closed. 
7.3 Resource planning in variant-rich product development 
7.3.1 Structure of the new approach 
As a result of the literature research, only 1 complexity management approach was identified, which fulfills all 
requirements and is applicable for resource planning in product development. Vogel and Lasch (2015, pp. 109-
130) developed a 4-stage complexity management approach for variant-rich product development based on the 
existing literature and the risk management strategy. The stages are complexity analysis, complexity 
evaluation, application of complexity strategies, as well as complexity planning and controlling. It is structured 
as a recurring cycle with a modular structure. The approach is focused on product development’s 3 main 
dimensions ‘product complexity’, ‘process complexity’ and ‘product portfolio complexity’. Furthermore, Vogel 
and Lasch describe different methods and tools for complexity management to gain practicability. However, 
the complexity management approach from Vogel and Lasch (2015, pp. 109-130) comprises a broader field. 
Therefore, a new approach based on their findings, especially for the field resource planning is developed and 
applied on a recent development project in the automotive industry to verify the scientific results. The new 
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developed complexity management approach for resource planning in variant-rich product development 
comprises also 4 stages and is described in Figure 32.  
 
Figure 32: Structure of the complexity management approach for resource planning 
As already mentioned, the new approach is applied on a recent development project in the automotive industry. 
Cars are the most complex mass-produced products on the market, because they combine many different parts, 
components, technologies and functions (Moisdon and Weil, 1996, cited in Aggeri and Segrestin, 2007, p. 38). 
Thus, car’s development can be classified as complex (Piller and Waringer, 1999, p. 18). The development 
process takes between 3 to 4 years and involves hundreds of engineers, technicians and partners (Moisdon and 
Weil, 1996, cited in Aggeri and Segrestin, 2007, p. 38). Furthermore, several resources are required for the 
development of complex products, such as cars. Before starting a development project, a first indication of the 
required resources has to be calculated. 
The following case study is focused on a powertrain development project of a hybrid car, especially its software 
application. The powertrain comprises all components within a vehicle that are needed to change the chemical 
energy to mechanical energy and to provide the necessary operating power to negotiate the driving resistances 
(Braess and Seiffert, 2013, p. 336). The powertrain of a car belongs to the mechatronical products and is 
characterized through mechanical, electrical and software elements (Feldhusen and Gebhardt, 2008, p. 44), 
which interact functionally (Dolezal, 2008, p. 52). The mechanical components are the engine (e.g. combustion 
engine, electric motor, hybrid propulsion), the starting element (e.g. clutch), the transmission (e.g. automatic 
transmission or manual transmission) and the final drive (power take-off unit and axle drive) (Trzesniowski, 
2014, p. 678). The control units belong to the electrical elements and are characterized through the software. 
The mechanical elements are controlled through the electrical elements and their software.  
The electronical components can only fulfill their capability when they are perfectly adjusted to the given type 
of vehicle. The software functions contain a vast number of different and changeable parameters. The adaption 
of these parameters to the given vehicle variant (e.g. all wheel drive or rear wheel drive) or the market variant 
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(e.g. cold run, extreme heat or heights), is called application (Reif, 2011, p. 226). The adaption of existing 
product variants to create new variants is associated with an additional use of resources (Zich, 1996, p. 11). 
7.3.2 Stage 1 – Complexity analysis 
Complexity in a project, especially in product development, requires a detailed complexity analysis to increase 
transparency about complexity’s dimension, weighting and relevance. The analysis results are the basis for 
project planning and should be presented in the form of criteria and parameters (Warnecke, 2010, p. 640).   
The complexity analysis stage is subdivided in 3 steps: 
■ Complexity problem’s analysis 
■ Complexity driver’s identification and analysis  
■ Product portfolio’s analysis 
The first step is to identify and formulate the tangible problem. This is the basis for the demand for action 
(Grossmann, 1992, p. 209; Fricker, 1996, p. 113; Schöttl et al., 2014, p. 258). According to Hauschildt (1977, 
p. 127), problem’s complexity is related to a problem’s structure, its parts and uncertainty. For analyzing the 
complexity problem, individual questionnaires are used in literature (Schöttl et al., 2014, p. 258). In this case 
study, the investigated object is the powertrain of a hybrid car. Expert interviews and questionnaires are used 
in this research to identify the complexity problem in the powertrain product development department. 
Thereby, product development’s higher management, as well as the personnel were involved in this research 
process. The result was that the powertrain product portfolio increased continuously in the last years to gain 
market shares and to be competitive. Furthermore, the legal requirements for environmentally friendly products 
have also increased. However, the available development budget and time for projects are decreasing 
successively. In addition, the product variants are characterized by different complexity levels. Thus, the 
management is faced to develop an increased powertrain product portfolio in less time with the same or less 
input and resources. According to Nurcahya (2009, pp. 59-62), the hybrid powertrain was abstracted to a 
product model (see Figure 33). The product model is an abstraction of a real product and contains all relevant 
elements or modules for product’s characterization (Nurcahya, 2009, pp. 54-61). This is the basis for a detailed 
problem and complexity analysis, including complexity driver’s identification, analysis and evaluation. In the 
case study, the product model of a hybrid powertrain is divided into 6 main modules (1 - engine; 2 - induction 
system; 3 - fuel injection system; 4 - exhaust system; 5 - hybrid system; 6 - drive train) and contains 49 relevant 
elements (e.g. turbocharger, injection valve, catalytic converter, electric motor, hybrid battery, power 
electronics, etc.). 
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Figure 33: Product model of a hybrid powertrain 
Based on the product model, the second step is to identify and analyze the complexity drivers. Complexity 
driver’s analysis and understanding is the basis for developing a clear strategy for complexity management 
(Serdarasan, 2013, p. 533). Several approaches for complexity driver’s identification exist in literature. The 
most applied approaches are expert interviews, process or systems analysis and influence analysis. The 
complexity driver represents a certain product component and its variety. In this case study, the complexity 
drivers in the 3 categories product, process and product portfolio are identified and analyzed by using different 
approaches, which are applied in a certain order. The result of the previous step is the basis for the next step. 
Table 36 presents the different approaches in each category, their order and the identified complexity drivers. 
Table 36: Applied approaches for complexity driver’s identification 
Category 
Applied approaches for complexity  
driver’s identification and analysis 
Identified complexity drivers within  
hybrid powertrain development 
Product 
1. Literature analysis 
2. Expert interviews 
3. Questionnaires 
4. Workshops 
5. Influence analysis 
■ Engine variety 
■ Turbocharger 
■ Valve controlling 
■ Fuel injection system 
■ Ignition system 
■ Catalytic converter 
■ Electric motor 
■ High-voltage battery 
■ Power electronics 
■ Transmission 
Process 
1. Process analysis 
2. Expert interviews 
3. Workshops 
■ Amount of process steps 
■ Amount of conjunctions between different 
 process steps 
■ Amount of interfaces to other subsections 
 within the value chain 
Product portfolio 
1. Expert interviews 
2. Workshops 
3. Analysis of variant tree 
■ Powertrain main attributes: 
 Combustion engine, electric motor, 
 high-voltage battery, transmission, 
 drive train, vehicle type, market,  
 time to market 
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In the third step, the product portfolio is analyzed in detail to identify product variant’s commonalities and 
differences within the main attributes, which are identified as product portfolio’s complexity drivers and 
characterize a product variant. Variants are products with a high proportion of identical components in the 
categories geometry, material or technology (Lingnau, 1994, p. 24). DIN 199 (1977 cited in Schwenk-Willi, 
2001, pp. 22-23) defines variants as objects with a similar form or function and a high proportion of identical 
groups or components.  
Each product consists of several attributes, which are defined through their characteristics and specifications 
(Lindemann, 2009, p. 158). They describe a product completely (Bayer, 2010, p. 27). Variant’s characteristics 
describe different features according to function and power. Different characteristics can be clustered in a 
higher level, if they are correlated to other characteristics (Bayer, 2010, p. 27). According to literature, 2 
variants have to differ in minimum 1 attribute (Kesper, 2012, p. 49). In the given example, the V6 petrol 
engine consists of a cylinder capacity of 3.5 liters. The attribute cylinder capacity of 3.5 liters consists of the 
characteristic cylinder capacity and its specification 3.5 liters.  
According to Nurcahya (2009, pp. 59-68), variant’s analysis and the identification of the main attributes are 
the basis for generating a variant derivation matrix in terms of an effective variant management.  
Product portfolio can be divided in reference variants, product variants, product groups and product families. 
The reference variant is the most complex variant within a product family and the basis for variant’s derivation. 
Product variants are derived from reference variants and clustered within the product family. A product group 
consists of several product families (Nurcahya, 2009, pp. 52-55). In principle, a product family covers a certain 
amount of related products (Renner, 2007, p. 12). Furthermore, within a product family, the variants are 
similar with respect to specified criteria (Nurcahya, 2009, pp. 52-55). In literature, the term “lead variant” is 
also used synonymously for the term “reference variant”. Schuh et al. (2007b, pp. 14, 21) describe that the lead-
product comprises the maximum requirements of all derivates within a product family and is the basis of a 
model kit. The characteristics of a lead-product is company individual. In the automotive industry, the lead 
product [L] can also be a non-real product within a model kit (Schuh et al., 2007b, p. 14). The term “derivate” 
was established mainly in the manufacturing industry, especially in the automotive industry and describes 
variants, which are diversified constructively or functionally from the main product (Dellanoi, 2006, p. 47). To 
gain market shares, companies often develop product derivates based on the lead product (Schuh et al., 2007b, 
p. 8). Dolezal (2008, p. XI) defines a derivate as a “development of an existing type (of product) for a specialized 
role”. In literature, the term derivate is used synonymously for product variant (Dellanoi, 2006, p. 47). 
According to their complexity, development effort and time to market, derivates can be further separated in 
different sizes: e.g. large [DL], medium [DM] and small derivates [DS]. 
For product portfolio’s analysis, all reference and product variants within a product portfolio are compared 
according to their characteristics to identify commonalities and differences (Nurcahya, 2009, pp. 66-67). 
According to Nurcahaya (2009), Vogel and Lasch (2015, pp. 113-115) developed a derivation matrix for 
variant’s comparison. The matrix shows, which variants have the same characteristics and can be derived from 
one another. Basically, the derivation matrix is similar to an influence matrix. 
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In the powertrain case study, the derivation matrix principle from Vogel and Lasch (2015) was enhanced with 
expert’s cooperation to a derivation table, because the derivation matrix from Vogel and Lasch is only 
practicable for a small amount of attributes. The derivation table shows, which variants can be derived from 
the lead variant. In combination with variant’s time to market, a hybrid powertrain variant can be described 
by 7 different attributes (I - combustion engine; II - electric motor; III - high-voltage battery; IV – transmission; 
V - drive train; VI - vehicle type; VII - market) (see Figure 34). Within the attributes, different product 
variants with different specifications exist (e.g. in category III: 12 kWh, 10 kWh or 8 kWh lithium-ion high-
voltage battery; in category V: All-wheel drive or rear wheel drive; etc.) 
 
Figure 34: Derivation table for hybrid powertrains 
According to product complexity, development effort and time to market, the most complex and expensive 
product within the product portfolio, which is launched first in the market, is the reference variant, called lead 
variant. In the case study, the lead variant of the hybrid powertrain portfolio is determined by a V6 3.5 liter 
engine with a power of 310 kW and a synchronous electric motor with an additional power of 80 kW. Further, 
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the lead powertrain comprises a lithium-ion high-voltage battery with an energy of 12 kWh, a 9-speed automatic 
transmission and an all-wheel drive and is offered as a sport utility vehicle on the European market.  
Product variants, which can be derived from a lead variant are called derivates. As already mentioned, derivates 
can be further separated in different sizes according to their complexity, development effort and time to market: 
Large, medium and small derivates. As a result of this classification, a product portfolio can be clustered into 
4 different complexity groups: Lead [L]; derivate large [DL]; derivate medium [DM] and derivate small [DS]. 
The amount of complexity groups is not fix, but user individual and depends on the use case. 
The product portfolio in the case study comprises 14 different hybrid powertrain variants (see Table 37). Based 
on the described attributes, the product portfolio was analyzed and evaluated to identify commonalities and 
differences. Then, the variants were clustered according to product classification and the developed derivation 
table into the defined 4 complexity groups.  
Table 37: Hybrid product portfolio evaluated according to complexity (N: 14) 
Hybrid Powertrain Attributes Complexity 
Evaluation 
 Category  
ID 
 











1 V6 3.5l 80 kW 12 kWh Autom. 4x4 SUV Europe T0 - - - L 
2 V6 3.5l 80 kW 12 kWh Autom. 4x4 Limous. Europe T1 VI DM 
3 V6 3.5l 80 kW 12 kWh Autom. 4x4 SUV RoW T1 VII DS 
4 V6 3.5l 80 kW 12 kWh Autom. 4x4 Limous. RoW T1 VI, VII DM 
5 V6 3.5l 80 kW 8 kWh Autom. 4x4 SUV Europe T1 III DS 
6 V6 3.5l 80 kW 12 kWh Autom. 4x4 Limous. Japan T4 VI, VII DM 
7 V6 3.5l 80 kW 10 kWh Autom. 4x4 SUV China T5 III, VII DL 
8 V6 3.5l 80 kW 12 kWh Autom. 4x2 SUV Europe T6 V DM 
9 V6 3.5l 80 kW 12 kWh Autom. 4x2 Limous. Europe T6 V, VI DM 
10 V6 3.5l 80 kW 12 kWh Autom. 4x2 SUV RoW T7 V, VII DM 
11 V6 3.5l 80 kW 12 kWh Autom. 4x2 Limous. RoW T7 V,VI,VII DM 
12 V6 3.5l 80 kW 8 kWh Autom. 4x2 SUV Europe T8 III, V DL 
13 V6 3.5l 80 kW 12 kWh Autom. 4x4 SUV N.Amer. T9 VII DL 
14 V6 3.5l 80 kW 12 kWh Autom. 4x2 SUV N.Amer. T10 V, VII DL 
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In the example, the reference variant, called lead variant [L], is the powertrain with ID 1. According to the 
derivation table, the lead variant is the most complex variant and is launched first in the market at the time 
of T0. All other variants are derivates, because they differ from the lead variant in certain categories (changes 
are marked black in Table 37) and launched after T0. For variants, which differ in more than one category, 
the superior category is used for complexity group’s clustering.   
For example, the variant with ID 2 differs (∆) in category VI (vehicle type – black marked) compared to the 
lead variant. In the derivation table (see Figure 34), a change in category VI is classified as a derivate medium 
[DM]. Thus, the variant is clustered to the complexity group derivate medium. The variant with ID 4 differs 
in 2 categories: VI and VII. According to the derivation table, the vehicle type limousine is defined as derivate 
medium. However, the market Rest of World is defined as derivate small. Thus, the superior category is 
category VI and the variant is clustered in the complexity group derivate medium. The other variants are 
analyzed and evaluated analogously.   
As a result of this analyzing process, 1 lead variant, 4 derivates large, 7 derivates medium and 2 derivates 
small are identified. 
7.3.3 Stage 2 – Complexity evaluation 
In the second stage, the complexity in the 3 categories product, process and product portfolio is evaluated. 
Evaluation’s objective in general is to emphasize commonalities and differences between relating object’s 
properties (Kieser and Kubicek, 1983, p. 174). 
Complexity management’s objective is to achieve a company’s optimum complexity degree, where internal and 
external complexity are equal (Schuh, 2005, p. 43; Boyksen and Kotlik, 2013, p. 49; Reiß, 1993b, pp. 56-57). 
In product development, internal complexity is characterized by product, process and product portfolio 
complexity. External complexity is characterized by environmental, demand and competitive complexity 
(Dehnen, 2004, pp. 33-35). To achieve a company’s optimum degree of complexity, internal complexity must 
be analyzed and evaluated. Vogel and Lasch (2015, pp. 117-122) developed 3 complexity indices on the basis 
of the systems theory and variety to evaluate product development’s internal complexity in the 3 categories 
product, process and product portfolio. The objective is to compare different development projects in these 
categories to identify complexity trends over time. The 3 complexity indices Product Complexity Index (PDCI), 
Process Complexity Index (PRCI) and Product Portfolio Complexity Index (PPCI) are described in Table 38. 
In the next step, the 3 complexity indices are applied on the hybrid powertrain development project. 
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Table 38: Overview about complexity indices, developed by Vogel and Lasch (2015, pp. 116-122) 
Complexity Index Description 
Product Complexity 
Index (PDCI) 
The PDCI is based on the product and the difference of variety (∆Cn) within the identified product 
complexity driver’s categories. The complexity drivers are weighted (WFCn) according to development effort, 
costs and time. The most complex drivers have the weighting factor 1.0. The weighting factors of other drivers 
are defined in comparison to the most complex driver. The PDCI is formulated as the weighted average of 
variety difference in all product complexity driver’s categories (Cn). N is the maximum amount of product 
complexity driver’s categories and n is the category’s number. For PDCI’s calculation, an already finished 
development project is required. In case there is no finished development project, PDCI cannot be calculated. 






The PDCI represents the percentage increase or decrease of development effort or costs, in comparison to the 




The PRCI is developed analogously to the PDCI and based on the development process and the difference of 
variety within the identified process complexity driver’s categories (∆PrCn). The complexity drivers are also 
weighted according to development effort and time (WFPrCn). For PRCI’s calculation, an already finished 
development project is also required. 









The PPCI is developed based on the results of clustering product variants in the different complexity groups 
according to their characteristics and the assignment of a certain weighting factor (WFVariant n) to each variant. 
The weighting factors are defined according to development effort, costs and time and represent single efforts. 
The lead variant is the most complex and expensive variant with the highest single effort and has the weighting 
factor 1.0. Derivate’s weighting factors are defined in comparison to the lead variant. The PPCI is calculated 
by summing up the weighting factors, which are assigned to each variant in the product portfolio. N is the 
total amount of product variants in the product portfolio and n is the product variant’s number (e.g. ID). 
PPCI’s unit are effort points (EP). 





The PPCI facilitates product portfolio’s standardization to one measured value under consideration of product 
and process complexity and provides an overview about complexity in the product portfolio. Furthermore, 
PPCI describes the total effort, which is dedicated to develop a specific product portfolio within a development 
project. 
 
7.3.3.1 Product complexity index (PDCI) 
For calculating the PDCI, the current hybrid powertrain development project (project #2) is compared with 
an already completed hybrid powertrain development project (project #1). For comparison, the identified pro-
duct complexity drivers (see Table 36) are used and divided in 10 complexity driver’s categories (C1 to C10): 
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C1 - engine; C2 - turbocharger; C3 - valve controlling; C4 - fuel injection system; C5 - Ignition system;  
C6 - catalytic converter; C7 - electric motor; C8 - high-voltage battery; C9 - power electronics and  
C10 - transmission. 
In the first step, the variety in the categories C1 to C10 is identified for project #1 and #2. Next, the differences 
of variety (∆ Cn) between project #1 and #2 are calculated, using project #1 as the basis. Then, PDCI’s 
percental change is calculated considering different weighting factors (see Table 39). As a result, the new hybrid 
development project has a complexity increase of 11%, compared to project #1. 
Table 39: Calculation of PDCI 
PDCI 
Product Complexity Driver’s Categories Cn 
C1 
  
C2 C3 C4 C5 C6 C7 C8 C9 C10 
Variety in Cn Project #1 1 2 1 1 1 1 1 1 1 1 
Variety in Cn Project #2 1 1 1 1 1 1 1 3 1 1 
△CnProject#1#2 0% -50% 0% 0% 0% 0% 0% +200% 0% 0% 
Weighting factor WFCn 0.8 1.0 1.0 0.6 0.7 0.9 1.0 0.8 1.0 0.6 
Result PDCI: +11% 
 
7.3.3.2 Process complexity index (PRCI) 
The PRCI is calculated analogously to the PDCI by comparing the development process of 2 hybrid powertrain 
projects (project #1 vs. project #2). In this case study, the identified process complexity drivers (see Table 
36) are the amount of different process steps (PrC1) and their conjunctions (PrC2), as well as the amount of 
interfaces to other subsections within the value chain (PrC3). PRCI’s calculation is described in Table 40. As 
a result, the development process of project #2 has a complexity increase of 14% in comparison to project #1. 
Table 40: Calculation of PRCI 
PRCI 




Variety in PrCn Project #1 6 3 5 
Variety in PrCn Project #2 7 4 5 
△PrCnProject#1#2 +17% +33% 0% 
Weighting factor WFPrCn 0.6 1.0 0.7 
Result PRCI: +14% 
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7.3.3.3 Product portfolio complexity index (PPCI) 
For calculating the PPCI, it is necessary to define the weighting factors. Then, the specific weighting factors 
are assigned to each variant within the complexity groups. The weighting factors are company individual. In 
the case study, 4 weighting factors for each complexity group are developed according to complexity, develop-
ment time and effort. The lead variant is the most complex variant in the portfolio and has the highest factor 
1.0. Derivates have weaker factors. As already mentioned at the end of subsection 7.3.2, analyzing the product 
portfolio resulted in 1 lead variant, 4 derivates large, 7 derivates medium and 2 derivates small. PPCI’s cal-
culation is described in Table 41. As a result, the PPCI in the case study has a value of 7.9 effort points [EP]. 
Table 41: Calculation of PPCI 
PPCI Complexity group’s 





PPCI Complexity group 
 L Lead 1 1.0 1.0 
 DL Derivate large 4 0.75 3.0 
 DM Derivate medium 7 0.5 3.5 
 DS Derivate small 2 0.2 0.4 
            Total PPCI: 7.9 EP 
 
7.3.4 Stage 3 – Complexity and resource planning 
Complexity, variety and the use of resources are closely connected (Bohne, 1998, pp. 9-10). Complexity and 
resource planning are important elements for a target-oriented complexity management (Kirchhof, 2003, 
pp. 166-167). Company’s capacity planning includes planning of resources (Schuh, Millarg and Göransson, 
1998, p. 49) and is an important factor for company’s competitiveness (Krüger and Homp, 1997, p. 10). 
Resource planning comprises the quantitative planning of human, material and financial resources over time 
within a project (Berner, Kochendörfer and Schach, 2013, p. 219). Human resources comprise the total amount 
of employee’s man-years and is therefore a measurement for the expenditure of time. The employees within a 
development project use resources for their development work (Schlick, Kausch and Tackenberg, 2008, p. 95). 
Resources can be separated in tangible, intangible and human resources. However, the amount of resources is 
limited (Zich, 1996, p. 10). Thus, it is necessary to apply the resources efficiently (Wleklinski, 2001, p. 27).  
Vogel and Lasch (2015, pp. 128-129) developed a methodology for calculating the precise amount of required 
resources based on the product portfolio complexity index (PPCI). The PPCI describes the total effort, which 
is dedicated to develop a specific product portfolio within a development project. Its unit is effort points [EP]. 
In the first step, a resource factor (RF) for each type of resource (e.g. test vehicles) is determined based on 
process analysis, expert interviews and evaluation, as well as workshops (e.g. 7 test vehicles per effort point). 
Furthermore, the resource factors are compared with already completed development projects from the past 
for verification. The resource factor represents the amount of resources (capacity), which is required for a 
198 7 Complexity management approach for resource planning in variant-rich product development 
 
specific development effort within in a project. With the resource factor, the total development effort [EP] can 
be translated to a precise amount of required resources. Figure 35 describes the methodology for resources’ 
calculation. The basis is a project’s PPCI and the resource factor of each resource type. For resources’ 
calculation, PPCI’s value is multiplied with the specific resource factor. The result is a certain amount of 
resources [N]. This methodology enables a first indication about resources before starting a project. 
 
Figure 35: Methodology for resources’ calculation based on PPCI and resource factor 
In the case study, different types of resources are required for the development and software application of a 
hybrid powertrain: Human resources (employees) and tangible resources (test vehicles and test rigs). For each 
type or resource, a specific resource factor was developed (RFEmployees = 12 employees per effort point; 
RFTest Vehicles = 9 test vehicles per effort point; RFTest Rigs = 9 test rigs per effort point) based on process analysis, 
expert interviews and workshops. Further, the resource factors were compared with an already finished develop-
ment project from the past. In the next step, the amount of resources is calculated based on the methodology, 
described in Figure 35. PPCI’s value in the case study is 7.9 effort points (see subsubsection 7.3.3.3). Therefore, 
the following amount of required resources (capacity) in the hybrid powertrain project is calculated: 
■ NEmployees  = PPCI * RFEmployees  = 7.9 [EP] * 12 [Employees/EP]  ≈ 95 Employees 
■ NTest Vehicles  = PPCI * RFTest Vehicles = 7.9 [EP] * 9 [Test Vehicles/EP]  ≈ 71 Test Vehicles 
■ NTest Rigs  = PPCI * RFTest Rigs  = 7.9 [EP] * 9 [Test Rigs/EP]  ≈ 71 Test Rigs 
After calculating the total amount of required resources, the resources have to be divided over time to enable 
a sufficient resource planning over time. According to Berner, Kochendörfer and Schach (2013, p. 219), resource 
planning comprises the quantitative planning of human, material and financial resources over time within a 
project. In the field of production, all required resources for product’s manufacturing are specified in a “resource 
list” (Schönsleben, 2011, p. 33). This principle can be transferred to product development analogously. 
In this case study, all required resources (employees, test vehicles, test rigs) for the development of a hybrid 
powertrain are also specified in a resource list, called ‘resource card’ (see Figure 36). After analyzing the product 
portfolio, the powertrains are classified in different complexity groups according to their complexity level (see 
subsection 7.3.2 and Table 37). In literature, complexity and its level is associated with the amount of required 
resources (Bohne, 1998, pp. 9-10). Thus, different resource cards are determined for each complexity level  
(L – lead; DL – derivate large; DM – derivate medium; DS – derivate small). As already mentioned, each 
complexity level has an own weighting factor (see subsubsection 7.3.3.3 and Table 41), which is added to the 












Nx = round(PPCIx ∗ RFx)
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information about the time period, in which a specific type of resource is needed between development start 
and time to market according to the development plan. The time period is determined by company’s experts 
and experiences in the past. Based on this, the weighting factor can be divided over a certain time period to 
calculate an effort index at a certain time (e.g. per month). For example, the weighting of a lead variant is 1.0. 
The development time is 12 months. The resource employees is also used over a time period of 12 months, 
whereas the resources test vehicles and test rigs are only used over a period of 9 months. Now, the weighting 
factor can be separated evenly over a period of 12 months in the case of the employees and over a period of 9 
months in the cases of test vehicles and test rigs. As a result, the effort index for the resource type employees 
is 0.083 effort points per month and the effort index for the test vehicles and test rigs is 0.111 effort points per 
month. These indices are needed to calculate the total amount of project’s development effort during a certain 
time period. Figure 36 presents 4 different resource cards for the complexity levels lead, derviate large, derivate 
medium and derivate small. In each card, the weighting factors, the required resources (employees, test vehicles, 
test rigs) and their application time is presented. 
 
Figure 36: Resource cards for the specific complexity levels 
To calculate the development effort [EP] at a certain time (e.g. per month), the evaluated product portfolio 
(see Table 37) is connected with the resource cards, regarding product’s time to market. Then, the particular 
efforts at a certain time are summed-up. Furthermore, to calculate the amount of required resources at a 
certain time, the summed-up amount of effort points is multiplied with the specific resource factor (RF). This 
methodology was applied in the case study and the results are shown in Table 42. It can be seen that employees’ 
maximum is at time T-1 and T0. However, test vehicles’ and test rigs’ maximum are at time T3. 
This methodology enables the user to investigate, where the peaks and lows are and which factors are respon-
sible for that. Further, this is the basis for the application of a specific complexity strategy to optimize 
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Table 42: Calculation of project’s development effort over time 
ID TtM CG WF 
Development’s time period 
-12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 
1 T0 L 1.0                        
2 T1 DM 0.5                        
3 T1 DS 0.2                        
4 T1 DM 0.5                        
5 T1 DS 0.2                        
6 T4 DM 0.5                        
7 T5 DL 0.75                        
8 T6 DM 0.5                        
9 T6 DM 0.5                        
10 T7 DM 0.5                        
11 T7 DM 0.5                        
12 T8 DL 0.75                        
13 T9 DL 0.75                        






PPCI 7.9  
∑ 7.9 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.4 0.4 0.6 0.8 0.8 0.6 0.6 0.6 0.6 0.5 0.4 0.3 0.2 0.1 0 
∑ 7.9 0 0 0 0.1 0.1 0.1 0.1 0.3 0.3 0.3 0.6 0.6 0.7 0.6 0.7 0.8 0.8 0.7 0.5 0.3 0.2 0.1 0 









∑ 95 1 1 1 1 1 3 3 3 5 5 7 9 9 8 8 8 7 6 5 3 2 1 0 
∑ 71 0 0 0 1 1 1 1 3 3 3 5 5 6 6 7 8 7 6 4 3 2 1 0 
∑ 71 0 0 0 1 1 1 1 3 3 3 5 5 6 6 7 8 7 6 4 3 2 1 0 
Explanation:      
 TtM Time to Market   CG  Complexity Group   WF  Weighting Factor       























* RFTest Vehicles 
* RFTest Rigs 
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Complexity in product development is characterized by 3 categories: Product, process and product portfolio. 
These categories have a direct influence on the amount of required resources and their planning. Thus, all 3 
categories have to be considered for resources’ calculation. A detailed complexity planning increases trans-
parency and enables the management to simulate different development scenarios, including the calculation of 
the amount of required resources, to identify the optimum.  
The already described methodology for resources’ calculation and planning is mainly based on the product 
portfolio and its complexity (PPCI).  
In the next step, the categories product and process are added to this methodology, by using a complexity 
vector, developed by Vogel and Lasch (2015, pp. 126-128). The complexity vector CI⃗  consists of 2 dimensions: 
Product Complexity Index (PDCI) and Process Complexity Index (PRCI). The 2 dimensions have the same 
weighting. 
CI⃗  = PDCI
PRCI
 
Vector CI⃗  is visualized in the vector space. The vector’s length CI⃗  represents development project’s complexity 
and is a multiplicator to combine the 2 complexity dimensions PDCI and PRCI with the PPCI. For the 
application of a specific complexity strategy, the effects can also be visualized with complexity vector’s 
methodology. For example, the distance between 2 complexity vectors describes the proportion for complexity 
reduction or increase. The distance is calculated with Pythagoras’ theorem (Vogel and Lasch, 2015, p. 127). 
CI12⃗ =PDCI1-PDCI22+PRCI1-PRCI22 
Next, the complexity vector methodology is applied to the powertrain case study. In the first step of complexity 
evaluation, a PDCI with 11% (see subsubsection 7.3.3.1) and a PRCI with 14% has been calculated (see sub-
subsection 7.3.3.2). Based on the PDCI and PRCI, the complexity vector CI⃗  is generated (see Table 43). Then, 
vector’s length CI⃗  is calculated and represents project’s complexity as a multiplicator. Thus, the length of 
CI⃗  is directly associated to development’s efforts and the amount of required resources. According to Vogel 
and Lasch (2015, p. 127), the amount of required resources in total is directly proportional to the length of 
CI⃗  and the PPCI. The length of CI⃗  is 18%. Thus, the already calculated amount of current project’s (pro-
ject #2) resources in total and at a certain time and based on PPCI have to be multiplied by 18% to combine 
the 2 dimensions PDCI and PRCI with the PPCI (see Table 43). 
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Table 43: Complexity vector’s influence on the amount of required resources 
 
Development’s time period 




∑ 95 1 1 1 1 1 3 3 3 5 5 7 9 9 8 8 8 7 6 5 3 2 1 0 
∑ 71 0 0 0 1 1 1 1 3 3 3 5 5 6 6 7 8 7 6 4 3 2 1 0 









∑ 112 1 1 1 1 1 4 4 4 6 6 8 11 11 9 9 9 8 7 6 4 2 1 0 
∑ 84 0 0 0 1 1 1 1 4 4 4 6 6 7 7 8 9 8 7 5 4 2 1 0 
∑ 84 0 0 0 1 1 1 1 4 4 4 6 6 7 7 8 9 8 7 5 4 2 1 0 
Explanation:        Employees          Test Vehicles         Test Rigs 
 
This methodology is used during the product planning phase within the product development process. After 
resources’ calculation and planning, the results are compared with project’s objectives and the amount of 
available resources, because the amount of resources within a project is limited. If the results are conform to 
project’s objectives and the amount of available resources, the next step is to procure the required resources. 
If the calculation and planning are not conform, the application of specific complexity strategies is necessary 
to optimize the results. In this case study, the calculated amount of required resources was conform to project’s 
objectives and did not exceed the amount of available resources. Thus, the application of a specific complexity 
strategy to optimize the results was not necessary.  
During this research, the new complexity management approach was applied in further development projects 
with a bigger product portfolio (e.g. projects with more than 100 product variants). In these projects, the 
calculated amount of resources exceeded the amount of available resources. Thus, the application of specific 
complexity strategies was necessary to achieve project’s objectives and to be conform to the available amount 
of resources. After complexity strategy’s application, the calculated amount of resources was compared with 
project’s objectives and the amount of available resources. This process was done in an iterative cycle to 
optimize the calculated amount of required resources in comparison with project’s objectives and the amount 
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7.3.5 Stage 4 – Application of complexity strategies 
Complexity, variety and the amount of required resources are closely connected. However, the amount of 
resources within a development project is restricted. If the calculated amount of resources does not match the 
available resources, the management has to optimize product development’s complexity level.  
Complexity strategies are used to optimize company’s complexity. In literature, a vast number of different 
single approaches for managing complexity are described (Gießmann, 2010, pp. 57-70) and applied in science 
and practice. However, there is no specific instruction, which approaches are the most effective for managing 
a specific complexity problem. It depends on the particular situation and must be planned company-specific. 
Generally, the approaches can be divided in 4 categories according to their focus: Product, product portfolio, 
process and organization (Gießmann, 2010, pp. 57-70). The approaches are mainly used for complexity 
reduction, mastering and avoidance. According to Vogel and Lasch (2015, p. 123), Table 44 presents an 
overview about the different approaches and their main purposes. 
Table 44: Applied single approaches for complexity management 
Focus Approaches 
Complexity strategies 
Reduction Mastering Avoidance 
Product 
Modular concept + + + + + + 
Modular system + + + + + + 
Standardization + + + + + + 
Using same parts + + + + + + 
Platform concept + + + + + + 
Differential construction + + + + + + 
Integral construction + + + + + + 
Product  
portfolio 
Packaging + + + + +  
Reducing product range + + +  + + 
Reducing of customers + + +   
Process 
Postponement concept + + + + + + 
Standardization of processes + + +  + + 
Modularity of processes + + + + + + 
Organization 
Delayering + + +   
Empowerment + + +   
Explanation + + + Priority 1       + + Priority 2      + Priority 3 
 
 
For example, product standardization can be used to reduce the PDCI or process standardization and 
modularization to reduce the PRCI. Another example is the application of the complexity strategy reducing 
product range to reduce the PPCI of a project. For further explanation and to increase reader’s understanding 
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about the application of different complexity strategies in the specific complexity indices, Vogel and Lasch 
(2015, pp. 123-125) describe some examples in their publication. 
7.4 Conclusion and outlook 
During the last years, customer’s requirements for individualized products and the increasing dynamics in 
innovation and technology lead to an increased product variety and complexity in many industrial branches, 
especially the automotive industry (Wildemann, 2005, p. 34; Schuh, Arnoscht and Rudolf, 2010, p. 1928; Klug, 
2010, p. 41). As a result, the companies have changed their product portfolio (Götzfried, 2013, p. 31). For 
company’s success, it is fundamental to bring new products quickly to the market (Augusto Chauchick Miguel, 
2007, p. 617) and with customized settings (Lübke, 2007, p. 2). Thus, more and more different products have 
to be developed and produced, which leads to an increased effort in product development and production (Klug, 
2010, p. 41). Product development is one of the most complex and nontransparent tasks and uncertain processes 
within a company (Bick and Drexl-Wittbecker, 2008, p. 20; Davila, 2000, p. 386). In product development, the 
amount of required resources is associated with product’s variety and complexity (Bohne, 1998, pp. 9-10). 
However, the available resources are limited (Zich, 1996, p. 10). Thus, an approach that combines resource 
planning and complexity management is required.  
This chapter’s purpose was to close the research gap by developing a praxis-oriented complexity management 
approach for resource planning in variant-rich product development. The approach was developed based on a 
detailed literature research and applied on a recent development project in the automotive industry. Product 
development is characterized by the 3 complexity categories product, process and product portfolio. The new 
approach combines product development’s complexity categories and resource planning principles, because 
complexity and the amount of resources are directly associated. 
Before developing a new approach, the existing literature must be identified, analyzed and systematically 
evaluated (see subsection 7.2.4). For this chapter, 4 research questions are described, which will be answered 
in the following manner. The first research question is focused on “What different approaches for complexity 
management currently exist in scientific literature”. As a result, 48 complexity management approaches exist 
in literature in the time period between 1992 and 2015. The second research question attends to “What focus 
and structure do the existing approaches have”. In the next step, the identified approaches are analyzed 
according to their focus and structure. More than 50% of the existing approaches are focused on general in 
manufacturing companies. The remaining approaches are separated in other fields, such as product 
development, procurement, production, logistics, internal supply chain and distribution. According to their 
structure (see Table 35), more than 70% of the approaches contain the 2 parts complexity analysis and 
determine complexity strategy and more than 40% contain the part complexity evaluation. Thus, these parts 
have to be considered in a new complexity management approach. After literature’s identification and analysis, 
the existing literature was evaluated based on its content and applicability for resource planning to answer the 
third research question: “What approaches contain information about resource planning and are applicable for 
practice?” As a result, there are 7 approaches in literature, which contain information about complexity 
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planning, but there is only 1 approach, which is applicable for resource planning. However, the approach from 
Vogel and Lasch (2015, pp. 109-130) comprises a broader field and the order of the different stages is not 
feasible in practice. For resource planning in practice, a more focused approach is needed. To answer the fourth 
research question “What different stages are necessary for a praxis-oriented complexity management approach 
for resource planning in variant-rich product development?” a new and structurally optimized complexity 
management approach, especially for the field resource planning was developed, based on Vogel and Lasch’s 
findings, to cover this literature gap. It is presented in section 7.3 of this chapter. It provides a 4-stage 
complexity management approach and encourages the reader to analyze and evaluate product development’s 
complexity. Furthermore, the amount of required resources can be calculated and planned. Then, the results 
can be compared with project’s objectives and the amount of available resources. As a result of this comparison, 
specific complexity strategies can be applied for complexity’s and resources’ optimization.  
The approach was applied in the automotive industry, especially in the hybrid powertrain development 
department of an automotive company to verify the research results. Future research may also include other 
sectors, such as consumer electronics, engineering or toy industry to verify the approach or to enhance the 
methodology for resource planning. For practice, it is important to have an overview about different approaches 
for complexity driver’s identification and analyzation, especially in the categories product, process and product 
portfolio. In this chapter, a certain amount of approaches is described (see subsection 7.3.2; Table 36). A more 
general overview does not exist yet. Furthermore, the literature should be analyzed for further methodologies 
for calculating specific complexity weighting factors analogously to the described methodology in subsection 
7.3.3. In this chapter, the weighting factors are developed according to complexity, development time and 
effort. 
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8 Conclusion and outlook 
8.1 Summary 
The objective of this dissertation is to develop a complexity management for variant-rich product 
development. The thesis comprises 5 main parts, starting with a literature review about complexity drivers 
in the manufacturing industry and an empirical research, focused on complexity drivers in product development 
and their effects on company’s complexity, to compare literature results with the empirical findings. Next, the 
different single approaches for managing complexity and their targeted strategies are described based on 
literature. To compare the literature results with the real world, an empirical research regarding single 
approaches’ application for managing complexity in product development is also conducted. Based on these 
results and further literature research, focusing on approaches for managing complexity, a new general approach 
for complexity management in variant-rich product development is developed. Next, this general approach is 
modified for company’s specific context or problem. Thus, a new complexity management approach for resource 
planning in variant-rich product development is generated. 
Before starting this research, the existing literature regarding the following issues was reviewed and gaps for 
future research were identified:  
■ Complexity drivers in manufacturing companies and along the value chain, especially in product develop-
ment and their effects on company’s complexity. 
■ Complexity strategies and their applied single approaches for managing complexity. 
■ Approach(es) for complexity management, especially in variant-rich product development. 
■ Complexity management approach for resource planning, especially in variant-rich product development. 
For the literature research, the methodology of Fink (2014, pp. 3-4) was used, starting with the definition of 
the research questions and the selection of the required sources. Then, the search terms, the practical and the 
methodological screening criteria were defined and applied to identify and select the relevant literature from 
the entity of found literature. To extend the amount of relevant literature, the literature research was conducted 
in English- and German-language literature and databases. The following 8 English and German databases 
were used: EBSCOhost, Emerald, GENIOS/WISO, Google Scholar, IEEE Xplore, JSTOR, ScienceDirect and 
SpringerLink. The search terms were formulated in English and German based on the key words and their 
synonyms, as well as the Boolean operators, such as AND, OR, NOT and NEAR. The search resulted in a 
certain amount of literature sources, but only a few are relevant. The searched literature was analyzed, 
evaluated and synthesized based on the qualitative content analysis, to identify the relevant literature sources. 
The time period for the different literature researches was restricted between 1900/01/01 and 2015/12/31, 
because the empirical study was performed in the years 2015 and 2016. 
To compare literature’s results with the real world to identify commonalities and differences, an empirical 
research was conducted based on the methodology of Flynn et al. (1990, pp. 253-255). The methodology starts 
with the determination of the theoretical foundation and the research design. Then, data collection method 
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and sample description for research’s implementation are selected. Next, the collected data is processed and 
analyzed before research report’s publication. In this empirical research, the research design survey was selected 
and a standardized questionnaire with 16 questions and a fixed response possibility was applied for data 
collection. The data was collected from a stratified random sample, which was taken out of a given population 
of 17,862 manufacturing companies, located in Germany with more than 50 employees. In 2015 and 2016 the 
questionnaire was sent to 3,086 companies, exclusive of service and printing companies, by e-mail in 2 stages. 
Before starting this empirical research, a first version of the questionnaire was pretested by 40 experts from 
the potential target group to check and refine the wording, understanding, relevance, the measurement 
instrument, as well as questionnaire’s length and the time for questionnaire’s responding. For answering the 
empirical research questions, the empirical data was analyzed by using statistical data analysis techniques.  
According to Fink (2014) and Flynn et al. (1990), literature and empirical research starts with the deter-
mination of the research questions. In total, 20 research questions were formulated in this thesis and separated 
in 14 literature research questions and 6 empirical research questions. The research questions are answered as 
follows: 
Answering the first 3 research questions (RQ1 to RQ3), the identified literature sources (Nidentified: 11,425) 
regarding complexity drivers in manufacturing companies were analyzed and synthesized (see subsection 3.3.1). 
In total 235 relevant literature sources in the time period 1991 to 2015 were found. However, no relevant 
literature sources concerning the issue complexity drivers were identified before 1991. The reasons could be 
attributed to complexity management’s evolution over the last 25 years and the principal definition and 
understanding of the term “complexity driver”. The analysis of the overall trend of the literature regarding the 
issue complexity drivers shows an increased interest throughout the last 10 years. Between 2004 and 2015, 74% 
of all publications were published. More than 50% of all publications about complexity drivers were published 
in journals and PhD theses. Thus, complexity drivers have a high importance in scientific research. Before 
analyzing the identified literature, the literature was separated in the following 8 different fields: Product 
Development (PD), Procurement/Purchasing (PC), Logistics (L), Production (PR), Order Processing/Distri-
bution/Sale (OPD), Internal Supply Chain (SC), Remanufacturing (R) and General in Value Chain (VC). The 
analysis shows that the amount of publications about complexity drivers in all 8 different fields has also 
increased over the last 10 years. Previous literature studies about complexity drivers have been done by Meyer 
(2007, pp. 182-183), Serdarasan (2011, pp. 793-795; 2013, pp. 534-535) and Wildemann and Voigt (2011, pp. 
44-52, 63-72, 113-170). 
In literature, several different definitions of complexity drivers are described by 36 authors (RQ1) (see sub-
section 3.3.2). Based on their content, the definitions can be assigned to 5 main categories: Factors, indicators, 
sources, parameters/variables and symptoms/phenomenon. As a result, there is no universal understanding of 
the term complexity driver, but the identified definitions tend towards similar definitions. To generate a more 
general definition of complexity drivers, the existing definitions were analyzed by identifying their hypernyms 
and differentia. Several different hypernyms for the genus term complexity driver exist in literature, but only 
the term factor covers the general understanding of a complexity driver in total. Then, the existing differentia 
were clustered into 5 groups based on their commonalities and differences. Based on these groups and in 
combination with the hypernym term factor, the following general definition of complexity driver was 
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generated: Complexity drivers are factors, which influence a system’s complexity and company’s target 
achievement. They are responsible for increasing system’s complexity level and help to define the characteristics 
or the phenomenon of a system’s complexity. Complexity drivers are influenced by one another, that is by 
internal or external drivers, and cannot be reduced completely to another one.  
In summary, the new definition summarizes all information from already existing definitions and is applicable 
general in manufacturing companies and in all parts along the value chain. 
A specific and target-oriented complexity management is based on complexity driver’s identification, 
visualization and operationalization. Several different methods for identification, operationalization and 
visualization of complexity drivers are applied in literature (RQ2) (see subsection 3.3.3). In literature, 21 
different approaches for complexity driver’s identification exist and focus on different fields in the company 
and along the value chain. The most applied approaches are expert interviews, process analysis and system 
analysis. For complexity driver’s operationalization and visualization, 8 different approaches could be identified 
in the existing literature. However, a clear assignment of the different approaches to operationalize and visualize 
complexity drivers was not possible in all cases. As a result, the most applied approach in both areas is the 
classification- and driver-matrix.  
As already mentioned, complexity drivers have a direct influence on the company and the value chain. 
Complexity drivers can be separated in internal and external drivers, depending on their origin. In literature, 
more than 480 different internal and external complexity drivers in manufacturing companies and along the 
value chain were found during this research (RQ3) (see subsection 3.3.4). For clustering the 486 complexity 
drivers, a new superior classification system without overlaps between the different driver categories was 
developed based on existing classification systems. The new and general classification system can be applied in 
manufacturing companies and in all parts along the value chain. All complexity drivers, which occur in the 
company and along the value chain, can be allocated to this superior classification system. In summary, it 
consists of 3 main groups (external complexity, internal complexity and general complexity), 4 subcategories 
(society complexity, market complexity, internal correlated complexity and internal autonomous complexity) 
and 22 main complexity driver categories depending on their origin, characteristics and influences on other 
drivers. The identified 486 complexity drivers were clustered into these categories and groups. The assignment 
was done depending on the complexity driver’s origin, characteristics and influences on other drivers.  
In summary, chapter 3 presents a systematic, explicit and reproducible literature review about complexity 
drivers in manufacturing companies and along the value chain over a period of 25 years (1991-2015). It answers 
the research questions 1 to 3 and fulfills all requirements of a literature review in total. Further, the afore-
mentioned gaps in literature (see section 2.2) are closed. 
This thesis is mainly focused on product development. In the next step, the complexity drivers in product 
development and their effects on company’s complexity were identified and analyzed. Furthermore, the results 
were compared with the real world by an empirical research in the German manufacturing industry. Before 
starting an empirical research, the existing literature regarding complexity drivers in product development and 
their effects, as well as previous empirical studies must be reviewed. For this literature review, the research 
questions RQ4 and RQ5 were defined (see section 1.2) and answered.  
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Regarding to the fourth research question (RQ4), 17 publications concerning complexity drivers in product 
development were found between 1998 and 2015 (see subsection 4.2.2). However, no publications are found 
before 1998. Between 2010 and 2015, 65% of the publications were published and show an increased interest in 
scientific research throughout the last years. Furthermore, 107 different complexity drivers in product 
development were found in literature. The identified complexity drivers were clustered in different main 
complexity driver categories depending on their origin, characteristics and influence on other drivers. As a 
result of complexity drivers’ clustering, 28 external (26%), 30 internal correlated (28%) and 49 internal 
autonomous complexity drivers (46%) were found in literature. Most of the identified complexity drivers were 
assigned to the main group internal complexity. Regarding the effects of high complexity on company’s 
complexity, in literature, several effects are described and divided in different categories. In general, most of 
the mentioned complexity effects can be aggregated in 4 main categories: Time, quality, costs and flexibility. 
Answering the fifth research question (RQ5), the literature about previous empirical studies in the field 
complexity management was reviewed. In total, 26,699 literature sources were identified and analyzed. As a 
result of literature’s analysis, 72 empirical studies regarding complexity management in various industry 
branches and regions/countries already exist (see subsection 4.2.3). The studies are focused on different fields 
in the company and along the value chain and were conducted between 1999 and 2015. The studies were 
analyzed and synthesized regarding their content, research objectives, focus, field of industry, region/country, 
research period and applied data collection methodology. Most of the empirical studies are focused on the fields 
general in manufacturing companies (N: 32) and internal supply chain (N: 16). Regarding the field product 
development, only 6 empirical studies were performed with different objectives between the time period 2005 
and 2013. A further objective was to identify all previous studies, which contain the issue ‘complexity drivers 
and their effects on company’s complexity’ during the last years. The literature research resulted in 13 different 
studies, focused on complexity drivers. However, an empirical study in the field product development in 
manufacturing companies in Germany and with focus on complexity drivers does not exist yet. This gap was 
closed by presenting a systematic, explicit and reproducible empirical research (see sections 4.3 and 4.4). 
For this empirical research, 4 additional research questions (RQ6 to RQ9) (see section 1.2), called empirical 
research questions, were determined and answered in the following way. For data collection, 3,086 
manufacturing companies with more than 50 employees, located in Germany, were questioned through a 
standardized questionnaire. The companies were taken from the Amadeus database, where all German 
companies are listed. The questionnaire was sent by e-mail to them. In the email, the companies were asked to 
send the questionnaire to an experienced employee in the product development department. In total, 295 
questionnaires were answered completely. Industry’s range contained 11 different fields of industry. According 
to their characteristics, the identified industry branches were clustered in 4 industry clusters: Technical 
industries, resource industries, consumer goods industry and others. The technical industry is the largest 
industry cluster and comprises about 60% of the respondents: Engineering (30.5%), metal (10.5%), electrical 
and optics (9.8%), as well as automotive (8.1%). For result’s validation, the percentage of the empirical research 
was compared with the percentage of the Amadeus database to identify commonalities and differences. In this 
research, the percentage of empirical research and database are very close in all industry clusters. Thus, the 
empirical findings are representative and can be generalized. Next, the number of employees and the position 
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profile of the respondents were analyzed. With 61.8%, the small and middle-sized companies formed the biggest 
group in the empirical research. Larger companies with more than 250 employees represent 38.2%. The analysis 
of the respondent’s position profile shows that 80% of the respondents can be assigned to the category upper 
management. This category comprises the following 3 groups: Presidents, CEOs and COOs (18.0%); directors 
and division managers (26.1%); senior managers and department managers (35.9%). Based on these results, it 
can be concluded that small and middle-sized companies are highly interested in empirical studies regarding 
complexity management and especially in product development. In addition, complexity in product develop-
ment is an important issue for company’s higher management 
To answer the sixth research question (RQ6), product development’s characteristics of the participating 
companies are analyzed regarding product and variant range; length of product life cycle and product 
development process; amount of applied components, materials, technologies and processes; the height of the 
own value adding percentage, as well as organization’s influence on product development’s complexity (see 
subsection 4.4.1). Approximately 75% of the companies are characterized by a medium and big product and 
variant range. Beyond, more than 50% of the developed products have a life cycle length over 72 months, but 
approximately 70% of the respondents specified that the length of product development process is less than 25 
months. Furthermore, the majority of companies indicate that their products consist of many different 
components, materials, as well as technologies. Regarding the product development process, the respondents 
answer that their process consists of many different process steps. In addition, the percentage of the own value 
adding activity in product development was analyzed. However, there was no explicit tendency recognizable. 
To analyze organization’s influence on product development’s complexity, the respondents were questioned 
about their evaluation. More than 75% of the respondents specified that the organization has no negative 
influence on product development’s complexity. Comparing this result with literature, there is a discrepancy, 
because in literature, organizational complexity drivers are responsible for increasing complexity in the 
company and especially in product development. It would be interesting to investigate the reasons for this 
discrepancy within a further empirical research (e.g. investigation through expert interviews). 
Next, the empirical data regarding complexity drivers in product development was analyzed and evaluated for 
answering the seventh research question (RQ7) (see subsection 4.4.2). Based on the statistical analysis, some 
industries are influenced by more complexity drivers than other industries. Furthermore, some complexity 
drivers occur in most fields of industry and thus are more important than other drivers. Generally, complexity 
in product development is mostly influenced by external complexity drivers. As a further result, different fields 
of industry are influenced by individual main complexity drivers. Regarding complexity driver’s aggregation, a 
correlation analysis was conducted to identify the relationships and interdependencies between the different 
drivers. As a result of this analysis, strong correlations between different complexity drivers occur in 16 
categories. Beyond, very strong correlations occur between 2 categories. Based on the correlation analysis, a 
factor analysis with varimax rotation was used for complexity driver’s aggregation. As a result of the factor 
analysis, 7 factors were identified, which are reflecting the complexity drivers: Company’s complexity, product 
and technology complexity, customer’s complexity, market complexity, supply complexity, environmental and 
society complexity, as well as target complexity.  
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Answering the eighth research question (RQ8), complexity driver’s influences on product development’s 
complexity in the 4 categories time, quality, costs and flexibility were analyzed. As a result of this empirical 
research, high complexity has mostly a strong or very strong effect on 4 attributes: Product development time, 
adherence to deadlines in product development, product quality and product development’s costs in general. 
Furthermore, high complexity has a strong effect on the development time in nearly all industry branches and 
high complexity has a higher effect in technical industries than in others.  
In the last step of this emipirical research, the empirical findings about the complexity drivers are compared 
with the literature results to identify the significant differences and commonalities and to answer the ninth 
research question (RQ9) (see subsection 4.4.3). As a result of this comparison, in literature, 108 different 
complexity drivers are described in total without prioritization by the authors. In contrast, in this empirical 
study only 30 complexity drivers with a strong or very strong influence on product development are mentioned 
and prioritized by experts. 
Summarizing the results of this empirical research, the existing gap in scientific research is closed in chapter 4 
by presenting an empirical study in the field product development in the manufacturing industry of Germany 
and with the focus on complexity drivers, including the identification and analysis of complexity drivers and 
their effects on company’s complexity, as well as a comparison between literature and practice. 
After complexity driver’s identification, analysis and evaluation, as well as a comparison between literature 
and the real world, the applied single approaches for managing complexity and their targeted strategies have 
to be identified based on literature. Furthermore, the literature results also have to be compared with the real 
world by an empirical study also in the German manufacturing industry. Before starting this empirical research, 
the existing literature regarding the applied single approaches and their targeted strategies has to be reviewed 
first. For this literature study, 3 research questions are defined (RQ10 to RQ12) (see section 1.2).  
For answering research question 10 (RQ10), the researched literature (130,722 identified literature sources) 
was analyzed and synthesized regarding specific single approaches for managing complexity and their targeted 
strategy. The synthesizing process resulted in 288 relevant literature sources in the time period between 1962 
and 2015. In scientific literature, 15 different single approaches for managing complexity in the company and 
along the value chain are described. The approaches are divided in 4 categories according to their focus: 
Product, product portfolio, process and organization. In the category product, the most important single 
approaches are modular concept, modular system, standardization, using same parts, platform concept, 
differential construction and intergral construction. In the second category product portfolio, the approaches 
packaging, reducing product range and reducing of customers are referred to in literature. The third category 
comprises the single approaches, focused on process: Postponement concept, standardization of processes and 
modularity of processes. In the last category, the approaches regarding organization are delayering and 
empowerment. According to their occurrence in literature, the most referred and applied single approaches are 
modular concept, modular system, standardization, using same parts and platform concept. Another result of 
this literature study is that literature focuses more and more on the different complexity management single 
approaches over time. Generally, the literature sources are published between the time period 1962 and 2015. 
However, the amount of publications regarding all single approaches has increased between 2005 and 2015. 
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Thus, there is an increasing interest in science regarding the specific complexity management approaches during 
the last 10 years.  
Generally, the single approaches are focused on 6 different strategies or objectives (RQ11): Complexity 
reduction, mastering, avoidance, increasing, outsourcing and general for complexity management. As a result 
of this literature analysis, all approaches are assigned to more than one purpose or strategy. However, the 
approaches are mostly used for complexity reduction. Thus, this is the main complexity strategy for complexity 
management single approaches.  
Regarding the twelfth research question (RQ12), the already identified empirical studies in the field complexity 
management (see RQ5) were analyzed again to identify empirical studies with focus on the practical 
application of specific single approaches for managing complexity and their targeted strategy. As a result of 
literature’s analysis, an empirical research focused on this issue does not exist yet. This gap was closed by also 
presenting a systematic, explicit and reproducible empirical research (see sections 5.3 and 5.4). 
For this empirical research, 2 additional research questions (RQ13 and RQ14) (see section 1.2) were 
determined. The empirical study was conducted in the same way as already mentioned. The data regarding 
the complexity management approaches, their objectives and practical application was analyzed and evaluated 
to answer the thirteenth research question (RQ13). For complexity management, 15 different approaches 
focused on 5 different strategies were generally applied in practice. However, 9 different approaches are 
predominantly known and used for complexity management in the manufacturing industry of Germany: 
Modular concept, modular system, standardization, using same parts, platform concept, reducing product 
range, standardization of processes, modularity of processes and empowerment. Next, the results are compared 
within the 4 industry clusters. As a result of this comparison, some industry branches apply specific approaches 
more often than other branches. Next, the data was analyzed according to approches’ targeted strategy. The 
single approaches are mainly used for complexity reduction or mastering. However, no explicit tendency 
towards 1 specific strategy can be identified. Analyzing these results regarding the different fields of industry 
and industry clusters, the results are equal. 
After analyzing the empirical data, the empirical findings regarding the approaches for complexity management 
are compared with literature to answer research question 14 (RQ14) (see subsection 5.4.3). In literature, the 
approaches are focused mostly on complexity reduction. In this study, the approaches could not be assigned to 
a specific complexity strategy. No explicit tendency can be identified. 
In chapter 5, the existing gap in literature is closed by presenting a general literature overview about the 
different single approaches, their focus and targeted strategies. Furthermore, a systematic, explicit and 
reproducible empirical research regarding the practical application of specific single approaches for managing 
complexity and their targeted strategy, including a comparison between empirical findings and literature is 
shown. 
As already mentioned in section 1.2, an approach for complexity management is needed to bring the relevant 
steps for complexity handling, including complexity driver’s identification, analysis and evaluation, as well as 
the complexity strategies and their applied single approaches, in a sequence. In this thesis, a praxis-oriented 
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approach for managing complexity in variant-rich product development is developed based on literature. 
Further, the general approach is modified for resource planning. Before developing a new approach, existing 
literature regarding complexity management approaches has to be identified, analyzed and evaluated first. An 
overview about the existing complexity management approaches, including their focus, structure, target and 
applicability for resource planning, has to be described. Based on literature’s findings, a new approach is 
developed. For literature analysis, several research questions are determined (RQ15 and RQ20) (see section 
1.2) and answered as follows:  
Responding to the already mentioned research questions, the existing literature (13,085 identified literature 
sources) was analyzed and synthesized (see subsections 6.2.2 and 7.2.4). The literature search resulted in 47 
relevant approaches in the time period between 1992 and 2014 (RQ15 and RQ17). More than 50% of the 
existing approaches are focused on general in manufacturing companies. Only 3 approaches are focused on 
product development. The identified approaches are analyzed and described according to their structure and 
targets (RQ16 and RQ18). Based on this analysis, 7 stages can be identified and are applied in literature for 
complexity management: Complexity analysis, complexity evaluation, determination of complexity strategies, 
determination of appropriate complexity instruments, complexity planning, complexity management’s 
implementation and complexity controlling. The most applied stages are determination of complexity strategies, 
complexity analysis and evaluation. However, there is no approach, which consists of all stages. In literature, 
complexity management in product development is determined by product complexity, process complexity and 
product portfolio complexity, so the literature was analyzed according to these categories. Most of the existing 
approaches have no explicit target or focus. Only 1 approach exists with a focus on all mentioned complexity 
categories. Further, the identified approaches were evaluated based on 11 different criteria, which are important 
for a complexity management approach, to identify strengths, weaknesses and deficits. As a result of the 
analyzing and evaluation process, there is no approach, which fulfills all requirements in total or partially. 
Based on the existing literature, a new and general 4-stage approach for complexity management in variant-
rich product development, which consists of all stages and categories and fulfills all criteria in total or partially, 
was developed to cover this research gap (see chapter 6). 
In the next step, the previously existing approaches, as well as the new and general complexity management 
approach from chapter 6 were analyzed and evaluated based on their structure and applicability for resource 
planning (RQ19 and RQ20). This includes the complexity management’s objectives, product development’s 
characteristics and objectives, as well as the principle for resource planning and the applicability in product 
development. The analysis and evaluation process resulted in the new general approach for complexiy 
management, which was developed based on the aforementioned research gap and fulfills all requirements. 
However, the order of the different stages was not feasible in practice. Therefore, a new and structurally 
optimized complexity management approach for resource planning, especially in variant-rich product develop-
ment, is needed to increase particability in practice. Within this thesis, this research gap is closed by developing 
a complexity management approach, especially for resource planning in variant-rich product development (see 
chapter 7). 
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8.2 Future research 
During this research, several gaps for future research were identified and pointed out according to the 
aforementioned 4 issues from section 8.1.  
Regarding the issue complexity drivers, the literature review from chapter 3 was focused only on the 
manufacturing industry. Future research may also include other sectors or industries, such as financing and/or 
insurance. It would also be interesting to compare the research results from other sectors with the results of 
this thesis. In literature, several approaches for complexity driver’s identification, operationalization and 
visualization exist. These approaches can be used as a basis to gain first implications about complexity drivers, 
their identification, operationalization and visualization. However, an evaluation according to their practical 
application does not exist yet. Further research will be needed to create helpful advice for practitioners to 
detect complexity issues, as well as to present methodological support to detect causes of complexity and their 
effects. Further, the different approaches for complexity driver’s identification, operationalization and 
visualization should be evaluated by the practice within an empirical research according to the following 3 
categories: Amount of work, data volume and level of difficulty. Also, the different approaches should be 
evaluated regarding their specific fields of application. This information could encourage the user to find the 
right approach for his/her specific field of interest. Further research may also include finding an approach to 
identify and analyze the most important complexity driver’s categories.  
In chapter 4 and 5, the empirical results regarding complexity drivers in product development and 
their effects on company’s complexity, as well as the application of specific single approaches for 
managing complexity and their targeted strategies are compared with the literature to identify 
commonalities and differences. Further research should analyze the differences between theory and practice 
more in detail and the empirical findings should be used for further discussions und evaluations in literature. 
This empirical study was focused on the manufacturing industry of Germany in 2015 and 2016. Future research 
may also include other countries and sectors, as well as companies with less than 50 employees. It would be 
interesting to compare the empirical results from this study with the results from a further study, which is 
conducted in other fields of industry or countries/regions. In addition, the companies should compare and 
evaluate their complexity drivers with those described in literature to question their own identified complexity 
drivers. Based on the empirical findings, further discussions and evaluations can be performed in literature. 
Furthermore, the development of complexity drivers and their importance for a company over time would also 
be interesting. Therefore, the same empirical research should be repeated in the future (e.g. 5 to 10 years) to 
identify differences and commonalities of complexity driver’s perception between now and the future. In 
literature, organizational complexity drivers are responsible for increasing complexity in the company and 
especially in product development. Comparing this with the empirical results, there is a discrepancy. It would 
be interesting to investigate the reasons for this discrepancy within a further empirical research (e.g. 
investigation through expert interviews). 
Regarding the issue approach for complexity management and resource planning in variant-rich 
product development, the new approaches were applied in the automotive industry to verify the research 
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results. Future research may also include other sectors, such as consumer electronics, engineering or toy 
industry to verify the approach or to enhance the methodology for complexity management and resource 
planning. For practice, it is important to have an overview about different approaches for complexity driver’s 
identification and analysis, especially in the categories product, process and product portfolio. Several 
approaches are described in this thesis (see subsection 3.3.3 and 7.3.2). A more general overview does not exist 
yet. Furthermore, the literature should be analyzed for further methodologies for calculating specific complexity 
weighting factors analogously to the described methodology in subsection 7.3.3. In this work, the weighting 





Table 45: Framework and results of literature collection during the period 1900/01/01 - 2015/12/31 (Part A)  
Focus Database Search terms Date Results 




'Komplexitätstreiber' OR (Treiber N3 Komplexität) 16/05/20 0 
'complexity driver*' OR (driver* N3 complexity) 16/05/20 346 
Emerald 
"Komplexitätstreiber" OR "Treiber d* Komplexität" 16/05/20 0 
"complexity driver" OR "driver of complexity" 16/05/20 12 
GENIOS/ 
WISO 
"Komplexitätstreiber" OR (Treiber ndj3 Komplexität) 16/05/22 290 
"complexity driver*" OR (driver* ndj3 complexity) 16/05/22 38 
Google Scholar 
"Komplexitätstreiber" OR "Treiber d* Komplexität" 16/05/22 507 
"complexity driver*" OR "driver* of complexity" 16/05/22 261 
IEEE Xplore 
"Komplexitätstreiber" OR (Treiber NEAR/3 Komplexität) 16/05/22 0 
complexity NEAR/3 driver 16/05/22 887 
JSTOR 
"Komplexitätstreiber" OR ("Treiber Komplexität"~5) 16/05/23 0 
"complexity driver" OR ("driver complexity"~5) 16/05/23 11 
ScienceDirect 
"Komplexitätstreiber*" OR (Treiber W/3 Komplexität) 16/05/23 0 
complexity W/3 driver* 16/05/23 540 
SpringerLink 
Komplexitätstreiber OR (Treiber NEAR/3 Komplexität) 16/05/23 294 
Complexity NEAR/3 driver* 16/05/23 424 




('Komplexitätstreiber' OR (Treiber N3 Komplexität)) AND 
'Produktentwicklung' 
16/04/06 0 




("Komplexitätstreiber" OR "Treiber d* Komplexität") AND 
"Produktentwicklung" 
16/04/06 0 





("Komplexitätstreiber" OR (Treiber ndj3 Komplexität)) AND  
"Produktentwicklung" 
16/04/06 42 




("Komplexitätstreiber" OR "Treiber d* Komplexität") AND  
"Produktentwicklung" 
16/05/06 167 




("Komplexitätstreiber" OR (Treiber NEAR/3 Komplexität)) AND  
Produktentwicklung 
16/05/06 0 




("Komplexitätstreiber" OR ("Treiber Komplexität"~5)) AND  
"Produktentwicklung" 
16/06/06 0 




("Komplexitätstreiber*" OR (Treiber W/3 Komplexität)) AND  
Produktentwicklung 
16/06/06 0 




(Komplexitätstreiber OR (Treiber NEAR/3 Komplexität)) AND  
Produktentwicklung 
16/06/06 100 
(Complexity NEAR/3 driver*) AND  
"product development" 
16/06/06 75 
  Total: 911 
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Table 45: Framework and results of literature collection during the period 1900/01/01 - 2015/12/31 (Part B) 




('Komplexitätstreiber' OR (Treiber N3 Komplexität)) AND  
('Produktentwicklung' OR 'Einkauf') 
16/04/06 0 
('complexity driver*' OR (driver* N3 complexity)) AND  
('procurement' OD 'purchasing') 
16/04/06 5 
Emerald 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND  
("Beschaffung" OR "Einkauf") 
16/04/06 0 
("complexity driver" OR "driver of complexity") AND  




("Komplexitätstreiber" OR (Treiber ndj3 Komplexität)) AND  
("Beschaffung" OR "Einkauf") 
16/04/06 98 
("complexity driver*" OR (driver* ndj3 complexity)) AND  
("procurement" OR "purchasing") 
16/04/06 13 
Google Scholar 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND  
("Beschaffung" OR "Einkauf") 
16/05/06 314 
("complexity driver*" OR "driver* of complexity") AND  
("procurement" OR "purchasing") 
16/05/06 75 
IEEE Xplore 
("Komplexitätstreiber" OR (Treiber NEAR/3 Komplexität)) AND  
(Beschaffung OR Einkauf) 
16/05/06 0 
(complexity NEAR/3 driver) AND  
(procurement OR purchasing) 
16/05/06 54 
JSTOR 
("Komplexitätstreiber" OR ("Treiber Komplexität"~5)) AND  
("Beschaffung" OR "Einkauf") 
16/06/06 1 
("complexity driver" OR ("driver complexity"~5)) AND  
("procurement" OR "purchasing") 
16/06/06 11 
ScienceDirect 
("Komplexitätstreiber*" OR (Treiber W/3 Komplexität)) AND  
(Beschaffung OR Einkauf) 
16/06/06 0 
(complexity W/3 driver*) AND  
(procurement OR purchasing) 
16/06/06 108 
SpringerLink 
(Komplexitätstreiber OR (Treiber NEAR/3 Komplexität)) AND  
(Beschaffung OR Einkauf) 
16/06/06 169 
(Complexity NEAR/3 driver*) AND  
(procurement OR purchasing) 
16/06/06 117 
 Total: 968 
Logistics 
EBSCOhost 
('Komplexitätstreiber' OR (Treiber N3 Komplexität)) AND 'Logistik' 16/04/06 0 
('complexity driver*' OR (driver* N3 complexity)) AND 'logistics' 16/04/06 8 
Emerald 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND "Logistik" 16/04/06 0 
("complexity driver" OR "driver of complexity") AND "logistics" 16/04/06 6 
GENIOS/ 
WISO 
("Komplexitätstreiber" OR (Treiber ndj3 Komplexität)) AND "Logistik" 16/04/06 110 
("complexity driver*" OR (driver* ndj3 complexity)) AND "logistics" 16/04/06 8 
Google Scholar 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND "Logistik" 16/05/06 260 
("complexity driver*" OR "driver* of complexity") AND "logistics" 16/05/06 81 
IEEE Xplore 
("Komplexitätstreiber" OR (Treiber NEAR/3 Komplexität)) AND (Logistik) 16/05/06 0 
(complexity NEAR/3 driver) AND (logistics) 16/05/06 45 
JSTOR 
("Komplexitätstreiber" OR ("Treiber Komplexität"~5)) AND "Logistik" 16/06/06 2 
("complexity driver" OR ("driver complexity"~5)) AND "logistics" 16/06/06 3 
ScienceDirect 
("Komplexitätstreiber*" OR (Treiber W/3 Komplexität)) AND Logistik 16/06/06 0 
(complexity W/3 driver*) AND logistics 16/06/06 73 
SpringerLink 
(Komplexitätstreiber OR (Treiber NEAR/3 Komplexität)) AND Logistik 16/06/06 143 
(Complexity NEAR/3 driver*) AND logistics 16/06/06 98 





Table 45: Framework and results of literature collection during the period 1900/01/01 - 2015/12/31 (Part C) 
Focus Database Search terms Date Results 
Production 
EBSCOhost 
('Komplexitätstreiber' OR (Treiber N3 Komplexität)) AND 'Produktion' 16/04/06 0 
('complexity driver*' OR (driver* N3 complexity)) AND 'production' 16/04/06 14 
Emerald 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND "Produktion" 16/04/06 0 
("complexity driver" OR "driver of complexity") AND "production" 16/04/06 7 
GENIOS/ 
WISO 
("Komplexitätstreiber" OR (Treiber ndj3 Komplexität)) AND "Produktion" 16/04/06 118 
("complexity driver*" OR (driver* ndj3 complexity)) AND "production" 16/04/06 0 
Google Scholar 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND "Produktion" 16/05/06 379 
("complexity driver*" OR "driver* of complexity") AND "production" 16/05/06 156 
IEEE Xplore 
("Komplexitätstreiber" OR (Treiber NEAR/3 Komplexität)) AND 
(Produktion) 
16/05/06 0 
(complexity NEAR/3 driver) AND (production) 16/05/06 161 
JSTOR 
("Komplexitätstreiber" OR ("Treiber Komplexität"~5)) AND "Produktion" 16/06/06 1 
("complexity driver" OR ("driver complexity"~5)) AND "production" 16/06/06 46 
ScienceDirect 
("Komplexitätstreiber*" OR (Treiber W/3 Komplexität)) AND Produktion 16/06/06 0 
(complexity W/3 driver*) AND production 16/06/06 176 
SpringerLink 
(Komplexitätstreiber OR (Treiber NEAR/3 Komplexität)) AND Produktion 16/06/06 198 
(Complexity NEAR/3 driver*) AND production 16/06/06 245 




('Komplexitätstreiber' OR (Treiber N3 Komplexität)) AND Auftrags* 16/04/06 0 
('complexity driver*' OR (driver* N3 complexity)) AND 'order processing' 16/04/06 1 
Emerald 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND Auftrags* 16/04/06 0 
("complexity driver" OR "driver of complexity") AND "order processing" 16/04/06 1 
GENIOS/ 
WISO 
("Komplexitätstreiber" OR (Treiber ndj3 Komplexität)) AND Auftrags* 16/04/06 75 
("complexity driver*" OR (driver* ndj3 complexity)) AND "order processing" 16/04/06 0 
Google Scholar 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND Auftrags* 16/05/06 223 
("complexity driver*" OR "driver* of complexity") AND "order processing" 16/05/06 14 
IEEE Xplore 
("Komplexitätstreiber" OR (Treiber NEAR/3 Komplexität)) AND (Auftrags*) 16/05/06 0 
(complexity NEAR/3 driver) AND (order processing) 16/05/06 480 
JSTOR 
("Komplexitätstreiber" OR ("Treiber Komplexität"~5)) AND Auftrags* 16/06/06 3 
("complexity driver" OR ("driver complexity"~5)) AND "order processing" 16/06/06 0 
ScienceDirect 
("Komplexitätstreiber*" OR (Treiber W/3 Komplexität)) AND Auftrags* 16/06/06 0 
(complexity W/3 driver*) AND order processing 16/06/06 298 
SpringerLink 
(Komplexitätstreiber OR (Treiber NEAR/3 Komplexität)) AND Auftrags* 16/06/06 146 
(Complexity NEAR/3 driver*) AND "order processing" 16/06/06 16 





Table 45: Framework and results of literature collection during the period 1900/01/01 - 2015/12/31 (Part D) 




('Komplexitätstreiber' OR (Treiber N3 Komplexität)) AND  
('Vertrieb' OR 'Verkauf') 
16/04/06 0 
('complexity driver*' OR (driver* N3 complexity)) AND  
('distribution' OR 'sale') 
16/04/06 14 
Emerald 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND  
("Vertrieb" OR "Verkauf") 
16/04/06 0 
("complexity driver" OR "driver of complexity") AND  




("Komplexitätstreiber" OR (Treiber ndj3 Komplexität)) AND  
("Vertrieb" OR "Verkauf") 
16/04/06 101 
("complexity driver*" OR (driver* ndj3 complexity)) AND  
("distribution" OR "sale") 
16/04/06 14 
Google Scholar 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND  
("Vertrieb" OR "Verkauf") 
16/05/06 296 
("complexity driver*" OR "driver* of complexity") AND  
("distribution" OR "sale") 
16/05/06 163 
IEEE Xplore 
("Komplexitätstreiber" OR (Treiber NEAR/3 Komplexität)) AND  
(Vertrieb OR Verkauf) 
16/05/06 0 
(complexity NEAR/3 driver) AND  
(distribution OR sale) 
16/05/06 282 
JSTOR 
("Komplexitätstreiber" OR ("Treiber Komplexität"~5)) AND  
("Vertrieb" OR "Verkauf") 
16/06/06 2 
("complexity driver" OR ("driver complexity"~5)) AND  
("distribution" OR "sale") 
16/06/06 58 
ScienceDirect 
("Komplexitätstreiber*" OR (Treiber W/3 Komplexität)) AND  
(Vertrieb OR Verkauf) 
16/06/06 0 
(complexity W/3 driver*) AND  
(distribution OR sale) 
16/06/06 225 
SpringerLink 
(Komplexitätstreiber OR (Treiber NEAR/3 Komplexität)) AND  
(Vertrieb OR Verkauf) 
16/06/06 152 
(Complexity NEAR/3 driver*) AND  
(distribution OR sale) 
16/06/06 306 
 Total: 1,619 
Supply Chain 
EBSCOhost 
('Komplexitätstreiber' OR (Treiber N3 Komplexität)) AND 'Supply Chain' 16/04/06 0 
('complexity driver*' OR (driver* N3 complexity)) AND 'supply chain' 16/04/06 9 
Emerald 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND "Supply Chain" 16/04/06 0 
("complexity driver" OR "driver of complexity") AND "supply chain" 16/04/06 7 
GENIOS/ 
WISO 
("Komplexitätstreiber" OR (Treiber ndj3 Komplexität)) AND "Supply Chain" 16/04/06 79 
("complexity driver*" OR (driver* ndj3 complexity)) AND "supply chain" 16/04/06 8 
Google Scholar 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND "Supply Chain" 16/05/06 170 
("complexity driver*" OR "driver* of complexity") AND "supply chain" 16/05/06 87 
IEEE Xplore 
("Komplexitätstreiber" OR (Treiber NEAR/3 Komplexität)) AND  
(Supply Chain) 
16/05/06 0 
(complexity NEAR/3 driver) AND (supply chain) 16/05/06 64 
JSTOR 
("Komplexitätstreiber" OR ("Treiber Komplexität"~5)) AND "Supply Chain" 16/06/06 1 
("complexity driver" OR ("driver complexity"~5)) AND "supply chain" 16/06/06 3 
ScienceDirect 
("Komplexitätstreiber*" OR (Treiber W/3 Komplexität)) AND Supply Chain 16/06/06 0 
(complexity W/3 driver*) AND supply chain 16/06/06 96 
SpringerLink 
(Komplexitätstreiber OR (Treiber NEAR/3 Komplexität)) AND  
"Supply Chain" 
16/06/06 81 
(Complexity NEAR/3 driver*) AND "supply chain" 16/06/06 97 
 Total: 702 
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Table 45: Framework and results of literature collection during the period 1900/01/01 – 2015/12/31 (Part E) 




('Komplexitätstreiber' OR (Treiber N3 Komplexität)) AND 'Refabrikation' 16/04/06 0 
('complexity driver*' OR (driver* N3 complexity)) AND 'remanufacturing' 16/04/06 0 
Emerald 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND "Refabrikation" 16/04/06 0 
("complexity driver" OR "driver of complexity") AND "remanufacturing" 16/04/06 0 
GENIOS/ 
WISO 
("Komplexitätstreiber" OR (Treiber ndj3 Komplexität)) AND "Refabrikation" 16/04/06 1 
("complexity driver*" OR (driver* ndj3 complexity)) AND "remanufacturing" 16/04/06 1 
Google Scholar 
("Komplexitätstreiber" OR "Treiber d* Komplexität") AND "Refabrikation" 16/05/06 1 
("complexity driver*" OR "driver* of complexity") AND "remanufacturing" 16/05/06 3 
IEEE Xplore 
("Komplexitätstreiber" OR (Treiber NEAR/3 Komplexität)) AND  
(Refabrikation) 
16/05/06 0 
(complexity NEAR/3 driver) AND (remanufacturing) 16/05/06 1 
JSTOR 
("Komplexitätstreiber" OR ("Treiber Komplexität"~5)) AND "Refabrikation" 16/06/06 0 
("complexity driver" OR ("driver complexity"~5)) AND "remanufacturing" 16/06/06 0 
ScienceDirect 
("Komplexitätstreiber*" OR (Treiber W/3 Komplexität)) AND Refabrikation 16/06/06 0 
(complexity W/3 driver*) AND remanufacturing 16/06/06 4 
SpringerLink 
(Komplexitätstreiber OR (Treiber NEAR/3 Komplexität)) AND  
"Refabrikation" 
16/06/06 1 
(Complexity NEAR/3 driver*) AND "remanufacturing" 16/06/06 8 








Table 46: Results of literature analysis (Part A) 
Language of literature source: 
1 German 
2 English 
























































































































































































































































Caesar (1991, pp. 9-13) 1      • •          
Child et al. (1991b, pp. 53-54) 2      • •          
Cummings (1991, pp. 60-61) 2      • •          
Schäfer and Henning (1991, pp. 155-162) 1      • •          
Reiß (1992, p. 41) 1      •      •     
Schmidt (1992, pp. 12-14) 1  •    • •          
Schulte (1992, pp. 84-86) 1      • •          
Rathnow (1993, pp. 7-10) 1      • •          
Reiß (1993a, pp. 3, 9) 1  •    • •          
Reiß (1993b, p. 54) 1      • •          
Rao and Young (1994, pp. 17-18) 2      •    •       
Weber (1994, p. 24) 1   •              
Fleck (1995, pp. 178-180) 1  •    • •          
Hadamitzky (1995, pp. 111-114) 1      •    •       
Höge (1995, pp. 5-6, 16-17) 1  •    • •          
Kaiser (1995, pp. 100-102, 209) 1      • •          
Kestel (1995, pp. 18-29) 1      •    •       
Kühl (1995, p. 7) 1      • •          
Schulte (1995, pp. 758-761) 1      • •          
Stark and Oman (1995, pp. 428-430) 2    • •            
Wildemann (1995, pp. 22-23) 1      • •          
Vizjak and Schiffers (1996, p. 9) 1   •              
Raufeisen (1997, pp. 132-133) 1      •      •     
Warnecke and Puhl (1997, pp. 359-362) 1  • •   • •          
Adam (1998, pp. 33-40) 1      • •          
Berens and Schmitting (1998, p. 98) 1  •    • •          
Bliss (1998, pp. 147-148) 1      • •         • 
Bohne (1998, pp. 58-63) 1  •    • •          
Calinescu et al. (1998, pp. 723-724) 2      •     •      
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Table 46: Results of literature analysis (Part B) 
Language of literature source: 
1 German 
2 English 
























































































































































































































































Eversheim, Schenke and Warnke (1998,  
pp. 30-31) 1 
     • •          
Komorek (1998, p. 213) 1      •  •         
Köster (1998, pp. 21-41) 1      • •          
Picot and Freudenberg (1998, pp. 70-71) 1      • •          
Rosemann (1998, pp. 60-61) 1   •   •    •       
Wangenheim (1998b, pp. 30-33) 1      •  •         
Wildemann (1998, pp. 47-52) 1      • •          
Benett (1999, pp. 12-14) 1      • •          
Flynn and Flynn (1999, pp. 1022-1024) 2      •     •      
Heina (1999, pp. 10-17) 1      • •          
Piller and Waringer (1999, pp. 5-11) 1  •    • •          
Puhl (1999, pp. 31-33, 55-57, 69-71) 1  • • • •            
Raufeisen (1999, pp. 77-82, 201-211) 1      •      •     
Reiners and Sasse (1999, pp. 222, 224) 1      • •          
Wildemann (1999a, pp. 64-66) 1   •   • •  •        
Wildemann (1999b, pp. 31-32) 1  •    • •          
Bliss (2000, pp. 4-7, 65-66, 163-169) 1      • •         • 
Olbrich and Battenfeld (2000, pp. 1-6) 1      • •          
Westphal (2000, p. 19) 1      •    •       
Franke and Firchau (2001, pp. 7-8) 1      • •          
Große Entrup (2001, pp. 11-18) 1      • •          
Schuh and Schwenk (2001, pp. 10-17) 1      • •          
Schwenk-Willi (2001, pp. 27-31) 1  •    • •          
Biersack (2002, pp. 52-54) 1  •    • •          
Fehling (2002, p. 26) 1  •    • •          
Deloitte (2003, p. 9) 2      •         •  
Kim and Wilemon (2003, pp. 18-22) 2      •  •         
Kirchhof (2003, pp. 39-41) 1      • •         • 
Klabunde (2003, pp. 6-11) 1      • •          
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Table 46: Results of literature analysis (Part C) 
Language of literature source: 
1 German 
2 English 
























































































































































































































































Meier, Hanenkamp and Bäcker (2003, 
pp. 10-11) 1 
  •              
Pepels (2003, p. 551) 1      • •          
A.T. Kearney (2004, p. 3) 2      •    •       
Dehnen (2004, pp. 32-35, 47) 1  •    •  •         
Große-Heitmeyer and Wiendahl (2004, 
pp. 8-11) 1 
     • •          
Hanenkamp (2004, pp. 2-3, 62-67) 1  • •   • •    •      
Hasenpusch, Moos and Schwellbach (2004,  
p. 135) 1 
     • •         • 
Klaus (2004, pp. 364-367) 1      •       •    
Keuper (2004, pp. 82-89) 1      • •         • 
Klepsch (2004, pp. 7-9) 1      • •          
Payne and Payne (2004, pp. 116-119) 2  •               
Perona and Miragliotta (2004, pp. 106-107, 
110-114) 2 
 • •   •       •    
Purle (2004, pp. 109-117) 1    •  • •          
Rall and Dalhöfer (2004, pp. 626-627) 1      • •          
Wegehaupt (2004, pp. 38-39) 1      • •          
Blecker et al. (2005, pp. 59-60) 2 •     •     •      
Blecker, Kersten and Meyer (2005, 
pp. 48-51) 2 
     •       •    
Eichen et al. (2005, pp. 119-120) 1      • •          
Geimer (2005, pp. 40-43) 1   •   •       •    
Greitemeyer and Ulrich (2005, pp. 2-3) 1      • •          
Jania (2004, pp. 7-8) 1      • •          
Krumm and Schopf (2005, p. 47) 1   •              
Klinkner, Mayer and Thom (2005, p. 33) 1      •    •       
Maschinenmarkt (2006) 1      •   •  •      
Schuh (2005, pp. 8-19) 1      • •          
Schweiger (2005, pp. 40-41) 1      •    •       
Wildemann (2005, pp. 34-35) 1      • •          
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Table 46: Results of literature analysis (Part D) 
Language of literature source: 
1 German 
2 English 
























































































































































































































































Anderson et al. (2006, p. 20) 2      •      •     
Giannopoulos (2006, pp. 154-156) 2  • •   •  •         
Größler, Grübner and Milling (2006, 
pp. 256-257, 261-264) 2 
  • •  • •          
Kaluza, Bliem and Winkler (2006, p. 3) 2      •       •    
Kersten et al. (2006, pp. 326-328, 337) 2      •    •       
Mansour (2006, pp. 60-61) 1      • •          
Piller (2006, pp. 54, 130-132) 1      • •          
Rudzio, Apitz and Denkena (2006, 
pp. 52-35) 1 
 •    • •          
Schuh, Sauer and Döring (2006, pp. 73-74) 1     •            
Vickers and Kodarin (2006, p. 2) 2   •   •       •    
Denk (2007, p. 19) 1      • •          
Hauptmann (2007, pp. 100-107) 1      •   •  •      
Krause, Franke and Gausemeier (2007,  
pp. 16-19) 1 
  •   •  •         
Kohagen (2007, p. 20) 1   •              
Lübke (2007, pp. 179-184) 1      • •          
Marti (2007, pp. 14-17) 2      • •         • 
Mayer (2007, pp. 23-31, 109) 1      • •   •      • 
Meyer (2007, pp. 29-31, 101, 118-123) 1  •  • • • •   •       
Meyer and Brunner (2007, p. 32) 1      •       •    
Ruppert (2007, pp. 68-70) 1      • •          
Steger, Amann and Maznevski (2007, 
pp. 4-5) 2 
     • •          
Waldthausen (2007, pp. 4-5) 1      •      •     
Wildemann (2007a, p. 1723) 1      •       •    
Aurich and Grzegorski (2008, p. 317) 1      • •          
Bick and Drexl-Wittbecker (2008, pp. 16,  
29-31) 1 
     • •          
Curran, Elliger and Rüdiger (2008, p. 162) 1      • •          
Feldhusen and Gebhardt (2008, pp. 13-15) 1      • •          
Appendix XX 
 
Table 46: Results of literature analysis (Part E) 
Language of literature source: 
1 German 
2 English 
























































































































































































































































Gabath (2008, pp. 35-36) 1      • •          
Greitemeyer, Meier and Ulrich (2008, 
pp. 37-39) 1 
  •   • •          
Scheiter, Scheel and Klink (2008, p. 2) 1      •         •  
Schmidt, Wienholdt and Vorspel-Rüter 
(2008, p. 843) 1 
     •     •      
Schubert (2008, pp. 134-136) 1      • •          
Asan (2009, pp. 36-37) 2      •       •    
Ballmer (2009, p. 61) 1   •              
Bozarth et al. (2009, pp. 81-82) 2      •       •    
Dalhöfer (2009, pp. 25-26, 71-76) 1    •  • •          
Denk and Pfneissl (2009, pp. 21-24) 1      • •          
Dombrowski et al. (2009, p. 31) 1      • •          
Döpke, Kress and Kühl (2009, pp. 966-967) 1      • •          
F.A.Z. – Institut Management (2009, p. 13) 1      • •          
Gronau and Lindemann (2009, pp. 21-22) 1      •     •      
Helfrich (2009, pp. 18-20, 37) 1      • •          
Lasch and Gießmann (2009a, 
pp. 200-202, 223-227) 1 
  • • • • •   •      • 
Lasch and Gießmann (2009b, 
pp. 97-98, 116-117) 1 
  • • • • •          
Lindemann and Gronau (2009, p. 47) 1      •     •      
Lindemann, Maurer and Braun (2009, p. 27)2      • •          
Moos (2009, p. 54) 1  •    • •          
Nurcahya (2009, p. 29) 1      • •          
Schmid (2009, pp. 18-19) 1      • •          
Schmidt (2009, pp. 90-93) 1      • •          
Tenhiälä (2009, p. 1) 2      • •          
Wildemann (2009, pp. 364-369) 1      • •          
Abdelkafi, Blecker and Pero (2010, 
pp. 1407-1408) 2 
     •       •    
Bayer (2010, pp. 9, 17) 1   •   • •          
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Table 46: Results of literature analysis (Part F) 
Language of literature source: 
1 German 
2 English 
























































































































































































































































Blockus (2010, pp. 16-22) 1      • •          
Buob (2010, pp. 15-22) 1  •    •      •     
Gießmann (2010, pp. 36-38) 1      •    •      • 
Gießmann and Lasch (2010, 
pp. 155, 159-167) 1 
 •    •   •        
Grussenmeyer and Blecker (2010, pp. 53-54)2      •  •         
Herrmann (2010, pp. 79-80) 1      • •          
Klug (2010, pp. 42-46) 1      •    •       
Schließmann (2010, p. 59) 1  • •              
Schmitt, Vorspel-Rüter and Wienholdt (2010, 
pp. 843-844) 1 
  •   •     •      
Schwandt and Franklin (2010, pp. 19-22) 2      • •          
Servatius (2010, p. 8) 1      • •          
Amann, Nedopil, Steger (2011, pp. 201-202) 2      • •          
Belz and Schmitz (2011, pp. 185-194) 1      •      •     
Brosch et al. (2011a, pp. 856-857) 1   •   •       •  •  
Brosch et al. (2011b, pp. 73-74) 1    • • •       •  •  
Fässberg et al. (2011, pp. 4-5) 2      •     •      
Gießmann and Lasch (2011, pp. 4-6) 1      •    •      • 
Gullander et al. (2011, p. 4) 2      •     •      
Isik (2011, pp. 419-421) 2      •       •    
Kersten (2011, pp. 16-17) 1   • • • •    •   •    
Lebedynska (2011, pp. 3-4) 1      •     •      
Manuj and Sahin (2011, pp. 523-524) 2      •       •    
Minhas, Lehmann and Berger (2011, p. 58) 2      •     •      
Ortner, Hanusch and Schweiger (2011, p. 9) 1      •   •        
Parry, Purchase and Mills (2011, pp. 68-72) 2 •                
Schawel and Billing (2011, p. 111) 1   • • •            
Schuh et al. (2011, pp. 118-119) 1     •            
Scott, Lundgren and Thompson (2011,  
p. 170) 2 
     •       •    
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Table 46: Results of literature analysis (Part G) 
Language of literature source: 
1 German 
2 English 
























































































































































































































































Serdarasan (2011, pp. 793-795) 2  •    •       •    
Stich et al. (2011, p. 731) 1      •     •      
Wildemann and Voigt (2011, 
pp. 44-52, 63-72) 1 
     • •          
Brosch et al. (2012, p. 127) 2   •              
Collinson and Jay (2012, 
pp. 7-9, 30-32, 42-47) 2 
  •   • •          
Eigner, Anderl and Stark (2012, pp. 7-10) 1      •  •         
ElMaraghy et al. (2012, pp. 793-794, 798) 2      •  •   •      
Gerschberger et al. (2012, pp. 1015-1016) 2  •               
Haumann et al. (2012, pp. 107-111) 2   • • • •        •   
Hering et al. (2012, p. 11) 1      •      •     
Kersten, Lammers and Skirde (2012, 
pp. 21-32) 1 
  • • • •      •     
Klagge and Blank (2012, pp. 6-7) 1      •       •    
Lammers (2012, pp. 31-35, 100-103) 1  •  • • •      •    • 
Schömann (2012, pp. 135-138) 1      •  •        • 
Steinhilper et al. (2012, pp. 361-364) 1   • • • •        •   
Wildemann (2012, p. 24) 1      • •          
Zhang and Yang (2012, pp. 231-232) 2      •  •         
Aelker, Bauernhansl and Ehm (2013, 
pp. 81-82) 2 
   • • •       •    
Binckebanck and Lange (2013, pp. 99-103) 1      •      •     
Borowski and Henning (2013, pp. 30-32) 1      •     •      
Brandenburg (2013, p. 55) 2      •       •    
Gille (2013, pp. 98-99) 1      • •          
Götzfried (2013, pp. 35-38, 67-68) 2  •    • •         • 
Jäger et al. (2013, p. 341) 1      • •          
Kolbusa (2013a, pp. 85-86) 1      • •          
Kolbusa (2013b, pp. 89-92) 2      • •          
Leeuw, Grotenhuis and Goor (2013, 
pp. 960-970) 2 
 • •   •       •    
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Table 46: Results of literature analysis (Part H) 
Language of literature source: 
1 German 
2 English 
























































































































































































































































Schuh, Krumm and Amann (2013, 
pp. 30, 40-41) 1 
     • •          
Seifert et al. (2013, pp. 648-652) 2   • • • •        •   
Serdarasan (2013, pp. 534-535) 2   •   •       •    
Brandenburg et al. (2014, p. 6) 2      •       •    
Budde and Golovatchev (2014, p. 602) 1      •  •         
Butzer et al. (2014, pp. 366-369) 2      •        •   
Ehrlenspiel et al. (2014, p. 297) 1      •     •      
Grimm, Schuller and Wilhelmer (2014,  
pp. 91-93) 1 
     • •         • 
Henning and Borowski (2014, p. 59) 1      •     •      
Huber (2014, pp. 13-15) 1      •         •  
Jensen, Bekdik and Thuesen (2014, p. 541) 2      •  •         
Krah (2014) 1      • •          
Link (2014, p. 65) 1      • •          
Lucae, Rebentisch and Oehmen (2014, 
pp. 658-659) 2 
•     •  •         
Mahmood, Rosdi and Muhamed (2014,  
p. 1851) 2 
•                
Sauter (2014, p. 5) 1      • •          
Schoeneberg (2014a, pp. 16-19) 1      • •         • 
Schöttl et al. (2014, pp. 255, 259-260) 2      •     •      
Schuh et al. (2014a, pp. 314-315) 1     •            
Schuh et al. (2014b, p. 184) 1      •   •        
Schuh et al. (2014c, p. 347) 2      •     •      
Stauder et al. (2014, p. 128) 2      •     •      
Thiebes and Plankert (2014, pp. 171-172) 1      •  •         
Wassmus (2014, pp. 69-71) 1      •      •     
Zimmermann and Fabisch (2014, p. 252) 1      •    •       
Bode and Wagner (2015, p. 216) 2      •       •    
Bosch-Rekveldt et al. (2015, 
pp. 1084-1086, 1099) 2 
  •   •  •         
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Table 46: Results of literature analysis (Part I) 
Language of literature source: 
1 German 
2 English 
























































































































































































































































Bretzke (2015, p. 42) 1      •    •       
Christ (2015, p. 58) 1  •               
Claeys et al. (2015, p. 925) 2      •     •      
Ehrenmann (2015, pp. 15-21) 1 •                
Krizanits (2015, pp. 44-47) 1 •    •            
Oyama, Learmonth and Chao (2015, p. 5) 1      •  •         
Reuter, Prote and Stöwer (2015, p. 9) 1      •     •      
Schmidt (2015, pp. 1-2) 1      • •          
Schmitz (2015, p. 66) 1      •      •     
Schott, Horstmann and Bodendorf (2015, 
pp. 33-36) 2 
  •              
Schuh, Gartzen and Wagner (2015, pp. 2, 4)2  •    •     •      
Sun and Rose (2015, pp. 1211-1215) 2 •                
Wallner, Brunner and Zsifkovits (2015, 
pp. 7-13) 2 
     •       •    
Wulf, Redlich and Wulfsberg (2015, p. 109) 1      •         •  
Total 
Amount of German Sources:  169 7 31 36 17 18 212 108 17 6 18 25 13 26 4 6 15 





Table 47: Overview about complexity driver categories and their specific drivers (Part A) 
Origin Complexity driver category and their specific drivers 
External 
complexity 
Society complexity     ∑: 25 
• Social framework • Social change • Value change 
• Social behavior • Cultural framework • Political framework conditions 
• Social requirements • Cultural differences • Standards and regulations 
• Change of company’s environment • Dynamic in company’s environment • Language and cultural differences 
• Environmental awareness • Legal factors • Internet 
• Economical framework conditions • Economical networking • Uncertainty in company’s environment 
• Country-specific requirements • Geographical factors • Cultural factors (language, working hours, 
 habit, working method, education) • Ecological conditions/factors • Exponential populations growth 
• Turbulences in company’s environment • Interdependencies between different  
  environmental factors 
 
   
Market complexity     ∑: 61 
General market-related complexity drivers    ∑: 18 
• Market framework conditions • Number of different markets • Development of new markets 
• Market’s requirements • Market’s structure • Market’s change 
• Market’s size • Market’s dynamics • Market’s diversity 
• Market’s uncertainty • Market’s fluctuations • Market’s turbulences 
• Saturation of the market • Market’s internationalization • Market’s deregulations 
• Market’s extensiveness • Market’s globalization • Market’s protectionism 
   
Demand-related complexity drivers    ∑: 7 
• Globalization of the demand • Number of customers • Variety of customer demands 
• Individuality of customer demands • Heterogeneity of customer demands • Demand uncertainty 
• Fluctuation in demand   
   
Competitive-related complexity drivers    ∑: 8 
• Number of competitors • Strength of competitors • Increasing international competition 
• Competitive demands • Competitive differentiation • Competitive dynamics 
• Competitive activities • Competitive pressure  
   
Supply-related complexity drivers     ∑: 19 
• Number of suppliers • Variety of suppliers • Supplier’s structure 
• Supplier’s reliability • Supplier’s qualification • Supplier’s network 
• Supplier’s change • Supplier’s relationship • Number of supplied objects 
• Heterogeneity of supplied objects • Dynamics in the buying market • Source of supply 
• Supply strategy • Globalization of the supply chain • Number of deliveries 
• Number of part-deliveries • Number of different delivered parts • Uncertainty of delivery dates 
• Uncertainty of delivery quality   
   
Technological-related complexity drivers (external)    ∑: 9 
• Technological progress • Technological change  • Different technological standards  
• Technological innovations • Technological intensity  • Technological dynamics  
• New technologies and materials • Combination of different technologies • Technology integration 





Table 47: Overview about complexity driver categories and their specific drivers (Part B) 




Target complexity     ∑: 7 
• Amount of different targets • Target’s diversity • Dynamics of target adaption 
• Maturity of target achievement • Missing target’s comparison  • Conflict between different targets 
• Ambiguity of targets   
   
Customer complexity     ∑: 10 
• Customer complexity general • Customer’s structure • Number of customers 
• Customer’s diversity • Customer group’s heterogeneity • Customer’s requirements 
• Customer’s participation • Long-term customer loyalty • Diversity of customers relations 
• Degree of customer’s dependency   
   
Product & Product portfolio complexity    ∑: 43 
• Product variety • Availability of raw materials • Modularity of parts and modules 
• Product range’s structure • Product diversity • Variety of applied materials 
• Product portfolio’s size • Number of product modifications • Product range/portfolio 
• Country-specific product portfolio • Product portfolio’s structure • Number of exotic product variants 
• Dynamics in product program change • Number of different product lines • Customer-specific product portfolio 
• Product structure/design • Deficits in coordination between the   
 product development, marketing and  
   sales department during the product 
 portfolio definition process 
• Number of product launches 
• Product size • Product concept 
• Product performance • Product geometry 
• Product quality • Product type • Product function 
• Conflicts between different standards • Product weight • Engineer standards 
• Product technology • Product requirements • Product life cycle 
• Component type • Quality standards • Product innovation 
• Variety of parts and modules • Product uncertainty • Number of parts and modules 
• Number of applied materials • Number of product technologies • Properties of the applied materials 
• Number of raw materials in a product • Component variety • Heterogeneity of applied materials 
   
Technological-related complexity (internal)    ∑: 15 
• Technology complexity general • Technology change/Innovations • New technologies 
• Technological requirements • Number of different technologies • Technology/Innovation compulsion 
• Availability of technologies • Technological uncertainty • Technology life cycle  
• Effort for technology’s innovations • Type of data medium • Size of data medium 
• Type of interfaces • Amount of interfaces • Criteria of hardware/software tests 
   
Product development complexity    ∑: 8 
• Development complexity general • Development program’s complexity • Product development’s dynamic 
• Product development’s length • Number of development partners • Product development’s procedure 
• Applied methods or instruments • Product development’s depth  
   
Supply process complexity     ∑: 7 
• Supply process complexity general • Supply strategy • Number of supply goods 
• Delivery of stocks • Order’s heterogeneity  • Demand’s fluctuation 
• Forecast uncertainty   
   
Service complexity     ∑: 3 
• Service complexity general • Service variety • Service concept 
   
Remanufacturing complexity     ∑: 3 
• Remanufacturing complexity general • Remanufacturing process • Product structure 
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Table 47: Overview about complexity driver categories and their specific drivers (Part C) 




Organizational complexity     ∑: 105 
• Organization (general) • Organization’s/Company’s size • Company’s legal status 
• Business segment/industrial sector • Business culture • Number of subsidiaries 
• Company’s locations • Globalization of company’s locations • Company’s business management 
• Company’s strategy  • Changes in company’s strategy • Multibrand strategy 
• Company’s specialization • Decision-making process (general) • Length of decision-making process 
• Number of contractual partners • Confidence in contractual partners • Number of different time zones 
• Number of different nationalities in the 
 company 
• Number of different languages in the 
 company 
• Handling of risks, uncertainty and 
 incidence 
• Number of joint-ventures  • Structures of joint-ventures • Cash flow dynamics 
• Number of different financial sources • Bureaucracy • Business relationship 
• Length of business relationship • Avarice for money • Data security 
• Multiplicity of company’s activities • Variety of company’s activities   • Coordination deficits between different    
 departments • Pricing policy • Coordination effort 
• Number of tasks • Task’s variety • Task coordination 
• Dependencies between different tasks • Degree of centralization • Degree of labor division 
• Number of cooperation partners • Cooperation intensity • Degree of cooperation 
• Organization’s structure • Organization structure’s variety • Organization structure’s diversity 
• Deficits in organization structure • Reorganization of organization’s structure • Dependencies between organizational units 
• Number of organizational units • Number of organizational levels • Degree of centralization 
• Variety of hierarchical levels • Egoism of different departments • Number of supervisory authorities 
• Employees (general) • Number of employees • Requirement profile and expectations 
• Employee’s qualification • Employee’s language • Employees’ culture 
• Employee’s experience • Employee’s behavior  • Employee’s turnover 
• Employee’s workload • Working atmosphere • Uncertainty related to an employee 
• Employee’s absence • Personnel decision • Labor division and specialization 
• Employee’s striving for power • Employee’s (negative) emotions • Employee’s motivation 
• Shifting of responsibilities • Lack of professional competence • Lack of social competence 
• Number of interfaces between other  
 employees 
• Separation of task, responsibilities and 
 experience 
• Lack of motivation and identification with 
 company’s goals 
• Company’s management • Management’s responsibility  • Management’s philosophy 
• Management’s behavior • Missing assignment of responsibilities • Unclear assignment of responsibilities 
• Value chain (general) • Value chain structure • Value chain’s length 
• Value chain’s geographical position • Added value process • Added value network 
• Depth of added value • Number of steps in value chain • Number of non-value added processes 
• Lack of transparency (general) • Lack of cost transparency • Lack of cost understanding 
• Lack in consistency of activities • Missing readiness for change • Subjective evaluation of situations 
• Lack in complexity management processes • Lack in complexity management 
 instruments 
• Weaknesses in transformation of decisions 
• Deficits in methods  
   
Process complexity     ∑: 25 
• Process complexity (general) • Number of processes • Variety of processes 
• Process type • Process structure • Number of process steps 
• Length of process • Process automatization • Process fragmentation 
• Process planning  • Process innovations • Process dynamic 
• Process orientation • Process optimization • Special processes 
• Process uncertainty • Process stability • Process connectivity 
• Process standardization • Number of process interfaces • Number of internal interfaces 
• Number of external interfaces • Interfaces’ design • Interfaces’ heterogeneity 
• Concentration of process interfaces   
   
Appendix XXVIII 
 
Table 47: Overview about complexity driver categories and their specific drivers (Part D) 




Production complexity     ∑: 39 
• Production (general) • Production structure • Production organization 
• Production program • Production program’s structure • Production program’s volume 
• Production program’s heterogeneity • Production program’s planning • Production program’s network 
• Number of production locations • Production location’s structure • Geographical position of production  
 locations • Size of production area • Production system 
• Production system’s variety • Size of production system • Production organization 
• Production strategy • Production type • Number of production processes 
• Number of production interfaces • Design of production interfaces • Number of production steps 
• Variety of production steps • Manufacturing technology • Manufacturing performance 
• Number of work stations • Uncertainties in production methods • Capacity uncertainty 
• Machine maintenance • Breakdown of production machines • Production control system 
• Type of work • Lead time • Queue time 
• Degree of production automatization • Production scheduling • Material flow 
• Material flow’s dynamic   
   
Planning, control and information complexity    ∑: 41 
• Planning content • Scheduling • Strategic planning 
• Lack in strategic planning • Number of internal projects • Time pressure in project planning 
• Project time • Project’s control • Number of information  
• Information variety • Information asynchrony  • Documentation 
• Number of controlling authorities • Control systems (general) • Control processes 
• Control instruments • Control demand’s rate • Control demand’s level of detail 
• Information and communication  
 complexity (general) 
• Information and communication  
 technologies 
• Information and communication network 
• Variety of information systems 
• Information systems • Number of information systems • Communication structure 
• Communication systems • Number of communication systems • Information deficits 
• Information flow • Information asymmetry • Lack in information systems 
• Information and data overload • Information medium • Data security 
• Lack in communication systems • Company’s communication behavior • Applied software 
• Organization information technology 
 systems 
• Structure of information technology  
 systems 
• Development of information technology 
 systems 
•  Software’s changing   
   
Resource complexity     ∑: 9 
• Resource complexity (general) • Resource’s type • Number of different resources 
• Resource’s availability • Resource’s shortage • Application of resources 
• Sequence of resource’s application • Restricted flexibility of resources • Resource’s stocks 
   
Logistics complexity     ∑: 17 
• Logistic complexity (general) • Logistic principle • Logistic structure 
• Logistic chain • Logistic strategy • Logistic process 
• Heterogeneity of logistic process • Logistic network • Logistic outsourcing 
• Supply chain general • Supply chain structure • Supply chain size 
• Supply chain process • Supply chain organization • Supply chain bottleneck 
• Number of supply chain partners • Supply chain synchronization  




Table 47: Overview about complexity driver categories and their specific drivers (Part E) 




Sales & Distribution complexity    ∑: 40 
• Distribution system (general) • Innovations in distribution system • Distribution system’s output 
• Stock level in distribution system • Deficits in distribution system • Distribution process 
• Distribution network • Number of distribution partners • Number of distribution center 
• Number of distribution stages • Distribution channel • Number of distribution channels 
• Distribution innovations • Transportation route • Transportation source 
• Restriction in storage spaces • Number of pick stations • Distribution deadlines 
• Order processing (general) • Order processing’s variety • Order processing’s individualization 
• Number of different orders • Order structure • Order’s size 
• Order’s heterogeneity • Handling time • Sale’s structure 
• Sales concept • Sales pressure • Sale’s region 
• Definition of customer groups • Customer’s loyalty • Treaty structure 
• Number of sale tasks • Diversity of sale tasks • Sale’s significance in the company 
• Sale’s cooperation with other departments • Marketing strategy • Marketing concepts 
• Marketing instruments   
   
General 
complexity 
General complexity driver     ∑: 28 
• Variety • Diversity • Dynamics 
• Uncertainty • Stability • Instability  
• Perception • Time • Costs  
• Cost effectiveness • Quality • Flexibility 
• Transparency • Connectivity • Dependency 
• Interaction • Interdependency • Degree of change 
• Inconsistency • Discontinuity • Lack of structures 
• Speed • Amount of units and elements • Amount of actions and relationships 
• Amount of actions between units • Amount of relationships between units • Element’s system affiliation 
• Ambiguity   





Table 48: General Framework of literature collection, focused on empirical research 
in the field complexity management  
Focus Database Search terms Date Results 




(Komplexität N10 Management) AND  
(Studie OR Untersuchung OR Empir* OR Befrag* OR Interview) 
17/04/23 3 
(complexity N10 management) AND  
(study OR survey OR empir* OR questioning OR interview) 
17/04/23 750 
Emerald 
"Komplexität?" AND  
(Studie OR Untersuchung OR Empir? OR Befrag? OR Interview) 
17/03/24 4 
("complexity management" OR "management of complexity") AND  




Komplexität* ndj5  
(Studie OR Untersuchung OR Empir* OR Befrag* OR Interview) 
17/03/02 600 
complexity ndj5  
(study OR survey OR empir* OR questioning OR interview) 
17/03/04 790 
Google Scholar 
"Komplexität*" AND  
("Studie" OR "Untersuchung" OR "Empir*" OR "Befrag*" OR "Interview") 
17/03/09 4,200 
"complexity" AND  
("study" OR "survey" OR "empir*" OR "questioning" OR "interview") 
17/03/12 14,910 
IEEE Xplore 
Komplexität* NEAR/2  
(Studie OR Untersuchung OR Empir* OR Befrag* OR Interview) 
17/03/18 4 
complexity NEAR/2  
(study OR survey OR empir* OR questioning OR interview) 
17/03/16 1,232 
JSTOR 
("Komplexität Management"~5) AND  
(Studie OR Untersuchung OR Empir* OR Befrag* OR Interview) 
17/04/17 27 
("complexity management"~5) AND  
(study OR survey OR empir* OR questioning OR interview) 
17/04/23 2,462 
ScienceDirect 
Komplexität* AND  
(Studie OR Untersuchung OR Empir* OR Befrag* OR Interview) 
17/03/19 112 
complexity AND  
(study OR survey OR empir* OR questioning OR interview) 
17/03/22 282 
SpringerLink 
(Komplexität NEAR/5 Management) AND  
(Studie OR Untersuchung OR Empir* OR Befrag* OR Interview) 
17/04/06 728 
(complexity NEAR/5 management) AND  
(study OR survey OR empir* OR questioning OR interview) 
17/04/12 447 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 50: Total variance explained (Part A) 
Total Variance Explained 
Component 
Initial Eigenvalues 
Extraction Sums of  
Squared Loadings 

















1 16.177 25.276 25.276 16.177 25.276 25.276 8.154 12.741 12.741 
2 3.853 6.021 31.297 3.853 6.021 31.297 6.600 10.312 23.053 
3 3.078 4.809 36.106 3.078 4.809 36.106 4.034 6.303 29.356 
4 2.800 4.375 40.481 2.800 4.375 40.481 3.947 6.168 35.524 
5 2.379 3.718 44.199 2.379 3.718 44.199 3.692 5.769 41.293 
6 2.200 3.438 47.637 2.200 3.438 47.637 3.314 5.178 46.471 
7 2.174 3.397 51.034 2.174 3.397 51.034 2.920 4.563 51.034 
8 1.912 2.988 54.021       
9 1.513 2.364 56.386       
10 1.439 2.248 58.633       
11 1.421 2.220 60.854       
12 1.295 2.023 62.877       
13 1.196 1.869 64.746       
14 1.071 1.674 66.419       
15 1.025 1.602 68.021       
16 .980 1.532 69.553       
17 .970 1.516 71.069       
18 .937 1.464 72.533       
19 .877 1.371 73.904       
20 .831 1.299 75.203       
21 .809 1.264 76.467       
22 .765 1.196 77.662       
23 .732 1.143 78.806       
24 .728 1.137 79.943       
25 .660 1.032 80.975       
26 .638 .997 81.972       
27 .611 .955 82.927       
28 .588 .919 83.846       
29 .568 .888 84.734       
30 .546 .852 85.586       
31 .527 .824 86.410       
32 .504 .787 87.197       




Table 50: Total variance explained (Part B) 
Total Variance Explained 
Component 
Initial Eigenvalues 
Extraction Sums of  
Squared Loadings 

















34 .452 .706 88.615       
35 .428 .669 89.284       
36 .412 .644 89.927       
37 .407 .636 90.563       
38 .386 .602 91.166       
39 .371 .579 91.745       
40 .357 .557 92.302       
41 .349 .546 92.848       
42 .340 .532 93.380       
43 .316 .494 93.874       
44 .299 .467 94.341       
45 .294 .460 94.801       
46 .274 .427 95.229       
47 .267 .417 95.646       
48 .255 .398 96.044       
49 .251 .392 96.437       
50 .231 .361 96.797       
51 .211 .330 97.127       
52 .204 .319 97.446       
53 .193 .302 97.748       
54 .186 .291 98.039       
55 .169 .264 98.303       
56 .162 .254 98.556       
57 .156 .244 98.801       
58 .144 .225 99.025       
59 .130 .203 99.228       
60 .116 .182 99.410       
61 .106 .166 99.576       
62 .098 .153 99.730       
63 .093 .146 99.876       
64 .080 .124 100.000       
Extraction Method: Principal Component Analysis 
Appendix XXXVI 
 
Table 51: Factor analysis on independent variables (Part A) 















Information flow’s variety 54 0.76       
Information flow’s dynamics 55 0.73       
Requirements for company’s control 62 0.73       
Company’s control level of detail 63 0.72       
Process degree of cross-linking 52 0.71       
Amount of process interfaces 51 0.71 0.35      
Company’s communication system 64 0.63       
Process standardization 53 0.63       
Organization’s/Company’s size 57 0.62       
Variety of processes 50 0.62 0.38      
Amount of simultaneous processes 60 0.60       
Amount of hierarchical levels 56 0.59       
Amount of simultaneous projects 59 0.56      0.39 
Degree of centralization 58 0.56       
Amount of employees 61 0.54       
 
Number of different applied technologies 42  0.67      
Product structure/design 33  0.62      
Product life cycle length 40  0.61      
Technology’s complicacy 43  0.61      
Variety of parts and modules 34  0.59      
Variety of the applied materials 35  0.58      
Technology’s combination 44 0.40 0.56      
Technology life cycle length 45  0.55      
Product life cycle length 32  0.55      
Availability of materials or components 37  0.55   0.37   
Technology change/innovation 41  0.53  0.36    
Properties of modules and materials 38  0.53   0.37   
Product’s degree of innovation 39  0.51      
Production system 49 0.42 0.48      
Vertical range of manufacture 48 0.41 0.43      




Table 51: Factor analysis on independent variables (Part B) 















Customer structure 26   0.71     
Product variety 28   0.68     
Customer’s amount 25   0.65     
Product range/Portfolio 29   0.64     
Individuality of customer demands 9   0.55     
Variety of customer requirements 8   0.54     
Customer’s participation 27   0.54     
Demand’s dynamics 10   0.44     
 
Technological progress 15    0.69    
Technological innovations & availability 16    0.65    
Market’s change 12    0.58    
Market’s globalization 14    0.56    
Competitor’s dynamics 13   0.36 0.53    
Number & strength of competitors 11    0.47    
Market’s economic factors 7    0.45    
Product software 46  0.34  0.36    
Data processing system 47    0.35    
 
Amount of suppliers 18     0.75   
Supply strategy or concept 19     0.73   
Quality uncertainty of delivered goods 20     0.71   
Uncertainty of delivery date 21     0.67   
Variety of supplied goods 17     0.66   
 
Environmental awareness in population 2      0.84  
Ecological conditions/factors 3      0.80  
Value change & value awareness 1      0.68  
Political framework conditions 4      0.48  
Legal factors 5      0.46  
Market’s infrastructure 6    0.36  0.37  
 
Business objective’s change frequency 23       0.69 
Business objective’s time pattern 24       0.51 
Amount of different targets 22       0.50 
Product portfolio change frequency 30       0.45 




Table 52: Overview about existing single approaches, focused on product (Part A) 
Explanation according to  
complexity strategy: 
R Reduction of complexity 
M Mastering of complexity 
A Avoidance of complexity 
I Increasing of complexity 
O Outsourcing of complexity 
G General for complexity management 









































































Simon (1962, pp. 467-481) M       
Imori et al. (1990, p. 503) G       
Child et al. (1991a, p. 74) R  R     
Child et al. (1991b, p. 65) R       
Schulte (1992, p. 90)       R 
Fischer (1993, p. 30)   R     
Ehrlenspiel (1995, pp. 420-421)      R, I R 
Fleck (1995, p. 189) M M      
Kaiser (1995, p. 17) R       
Prillmann (1996, p. 113)   R     
Sanchez (1996, p. 121) R       
Sanchez and Mahoney (1996, p. 66) R       
Homburg and Daum (1997, p. 335)   A     
Jeschke (1997, p. 22)   R, A     
Jina, Bhattacharya and Walton (1997, p. 8) R   R    
Mahoney (1997, p. 395)   R     
Pels, Wortmann and Zwegers (1997, p. 274) M       
Adam (1998, p. 59)   R R R   
Bliss (1998, pp. 155-156)  R R R    
Bohne (1998, p. 240) A A A A   A 
Eversheim, Schenke and Warnke (1998, p. 32) R R R R    
Göpfert (1998, pp. 139-140) R, M       
Komorek (1998, pp. 272-273) A A R A    
Marshall (1998, p. 65) G       
Piller (1998, p. 195) R       
Schuh, Schwenk and Speth (1998a, p. 82) R       
Schuh, Schwenk and Speth (1998b, p. 134) R       
Wangenheim (1998a, pp. 73-74)    R R   
Wildemann (1998, p. 58) R R R     
Benett (1999, pp. 65-66, 133) R R R, A     
Fisher, Ramdas and Ulrich (1999, p. 298)    R R   
Haberfellner et al. (1999, p. 23) R       
Marshall and Leaney (1999, p. 847)  G      
Muffatto (1999, p. 145)     R   
Nagarur and Azeem (1999, p. 125)   R     
Piller and Waringer (1999, pp. 37, 64) R    R   
Reiners and Sasse (1999, p. 230) A A R R    
XXXIX Appendix 
 
Table 52: Overview about existing single approaches, focused on product (Part B) 
Explanation according to  
complexity strategy: 
R Reduction of complexity 
M Mastering of complexity 
A Avoidance of complexity 
I Increasing of complexity 
O Outsourcing of complexity 
G General for complexity management 









































































Schaefer (1999, p. 312) R       
Wildemann (1999b, pp. 31, 34-36)    R R   
Baldwin and Clark (2000, pp. 59, 64) R, A    R   
Bliss (2000, pp. 42-44) R R R R R   
Herzwurm (2000, p. 32) R  R     
Olbrich and Battenfeld (2000, p. 17) R, M R, M      
Ulrich and Eppinger (2000, p. 200)     R   
Westphal (2000, p. 31)  R R R    
Göpfert and Steinbrecher (2001, p. 353) R       
Haf (2001, p. 124) R  R     
Hofer (2001, p. 46)     R   
Maune (2001, pp. 22-31) R  R A R R, I R 
Neff et al. (2001, pp. 31-32)   R R    
Piller (2001, p. 226) A A A A A   
Schuh and Schwenk (2001, pp. 79-84) R M    O R 
Schwenk-Willi (2001, pp. 79-80, 143-146) R    R O R 
Siddique and Rosen (2001, p. 1)     R   
Westphal (2001, pp. 135, 154) R   R    
Franke et al. (2002, pp. 55, 71-75) R, M R, M R, M  M M M 
Herrmann and Seilheimer (2002, p. 669)    R R   
Hesse, Fetzer and Warnecke (2002, p. 487)     M   
Klinkner and Risse (2002, p. 25) M   M    
Korreck (2002, p. 146)   R     
Langlois (2002, pp. 19-20)  R      
Halman, Hofer and Vuuren (2003, pp. 149, 155)     R   
Junge (2003, p. 90)     R   
Katzke, Fischer and Vogel-Heuser (2003, p. 69) R       
Wildemann (2003, p. 58)  R  R    
Wüpping (2003, pp. 50-51) R  R  R   
Adam (2004, p. 21)    R    
A.T. Kearney (2004, p. 11)    R     
Dehnen (2004, pp. 9, 62-69) R R  R R   
Ethiraj and Levinthal (2004, pp. 159-161) R, M       
Friedrich (2004, pp. 25-27) R, M  R, M  R, M   
Gerberich (2004, p. 247) M M  M M   
Gräßler (2004, p. 131)       R 
Keuper (2004, pp. 177-179, 198-203) R R R R R I R 
Appendix XL 
 
Table 52: Overview about existing single approaches, focused on product (Part C) 
Explanation according to  
complexity strategy: 
R Reduction of complexity 
M Mastering of complexity 
A Avoidance of complexity 
I Increasing of complexity 
O Outsourcing of complexity 
G General for complexity management 









































































Klepsch (2004, p. 15) R, M       
Mühlenbruch (2004, p. 46) R R R R R R R 
Perona and Miragliotta (2004, p. 110) M       
Rall and Dalhöfer (2004, p. 624) R  R     
Simpson (2004, p. 4)     R   
Thorogood and Yetton (2004, p. 4)  R R     
Thun and Stumpfe (2004, pp. 170-171)   R  R  R 
Blecker et al. (2005, p. 56) R  R     
Böckle (2005, p. 12)    R R   
Böhmann and Krcmar (2005, pp. 456-458) R  R R    
Fettke and Loos (2005, p. 21)    M    
Gausemeier and Riepe (2005, pp. 55-56) R       
Greitemeyer and Ulrich (2005, p. 7)    G    
Hellström and Wikström (2005, p. 394)  G      
Klauke, Schreiber and Weißner (2005, p. 246)     R   
Klinkner, Mayer and Thom (2005, p. 34) R       
Kroker et al. (2005, pp. 77-78) R  R     
Schuh (2005, pp. 125-139) R R   R R, I R 
Schuh et al. (2005, p. 22)     R   
Springer (2005, pp. 10-14)   R R R   
Anderson et al. (2006, pp. 22-25)  R       
Blecker and Abdelkafi (2006a, pp. 76-77) R       
Heckmann (2006, p. 46)    R    
Lindemann and Baumberger (2006, p. 8) M M R R R   
Lindemann and Maurer (2006, p. 43) R R   R   
Scheer et al. (2006, p. 157) R R R     
Zenner (2006, p. 2) R    R   
Adrian (2007, p. 1)     R   
Aurich, Grzegorski and Lehmann (2007, p. 14) M  M  M   
Baumberger (2007, p. 100) M R R R R   
Durst (2007, p. 31) R  R     
Grotkamp and Franke (2007, p. 35)   A     
Grübner (2007, p. 332) R       
Krause, Franke and Gausemeier (2007, p. 23) R, M R, M   R, M   
Lübke (2007, pp. 252-254, 264-266)    R M R R, I 
Marti (2007, pp. 70, 77) R, M, A    R   
Mayer (2007, pp. 40, 119) M   M M   
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Table 52: Overview about existing single approaches, focused on product (Part D) 
Explanation according to  
complexity strategy: 
R Reduction of complexity 
M Mastering of complexity 
A Avoidance of complexity 
I Increasing of complexity 
O Outsourcing of complexity 
G General for complexity management 









































































Meyer (2007, pp. 63-65) R, M, A  R     
Picot and Baumann (2007, pp. 222, 239) R       
Renner (2007, pp. 15, 41) M M R  M M M 
Ruppert (2007, p. 68) R, M       
Schuh et al. (2007a, pp. 53-54) R  R     
Schuh et al. (2007b, pp. 3-4, 12) M M      
Steffen and Gausemeier (2007, p. 9) R       
Straube and Mayer (2007, pp. 53-54) R, M   M M   
Wiermeier and Haberfellner (2007, p. 49) R       
Wildemann (2007b, p. 21) R  R     
Abdelkafi (2008, pp. 148-149) R    R   
Aurich and Grzegorski (2008, pp. 316-317) R, M, A  R, M, A     
Beetz, Grimm and Eickmeyer (2008, p. 39) R       
Bick and Drexl-Wittbecker (2008, pp. 61, 103) R R R     
El Haouzi, Thomas and Pétin (2008, pp. 47-48) R R      
Gabath (2008, pp. 34-38) R R R  R   
Jagersma (2008, p. 241)   R     
Luger et al. (2008, p. 603)    R    
Peters and Hofstetter (2008, p. 16) A   R R   
Ponn and Lindemann (2008, pp. 150, 231, 240, 395-402) R  R M   R 
Rafele and Cagliano (2008, p. 4)   R     
Schaffer et al. (2008, p. 3)     R   
Shamsuzzoha, Helo and Kekäle (2008, p. 1595) G G      
Terada and Murata (2008, p. 445) R       
Thomas (2008, p. 113) R    R   
Bohn (2009, pp. 255-259) R  R     
Dombrowski et al. (2009, p. 257)   R, M     
Gumpinger, Jonas and Krause (2009, p. 202)      R I 
Helfrich (2009, p. 110) R   R R   
Kersten et al. (2009, p. 1136) R  R     
Koppik and Meier (2009, p. 1174)    R    
Lasch and Gießmann (2009a, p. 210) R       
Lasch and Gießmann (2009b, pp. 106-108) R R R R R R R 
Lindemann, Maurer and Braun (2009, p. 35) R  G     
Newman (2009, p. 3) R  R     
Redlich, Wulfsberg and Bruhns (2009, p. 556) R       
Schoeller (2009, pp. 60-63) R    R   
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Table 52: Overview about existing single approaches, focused on product (Part E) 
Explanation according to  
complexity strategy: 
R Reduction of complexity 
M Mastering of complexity 
A Avoidance of complexity 
I Increasing of complexity 
O Outsourcing of complexity 
G General for complexity management 









































































Bayer (2010, pp. 80-85) R R  R R  R, M, A 
Caniato, Crippa and Größler (2010, p. 63) R       
Duerre and Steger (2010, p. 88) G    G   
Flieder (2010, p. 497) R       
Gießmann (2010, pp. 57-61) R, M, A R R R R R R 
Gomes and Dahab (2010, p. 59)  G      
Klug (2010, pp. 59-72) R  R  R   
Pero et al. (2010, p. 120) R       
Schuh, Arnoscht and Rudolf (2010, p. 1)     R   
Stirzel (2010, pp. 131-132) R, M       
Stuhler, Ricken and Diener (2010, p. 60)   M     
Agrawalla (2011, p. 157)  G      
Brosch and Krause (2011, p. 1)  R   R   
Cao, Zhang and Liu (2011, p. 786) R       
Gießmann and Lasch (2011, pp. 11-14) R, M, A R R R R R, I R 
Grösser (2011, p. 19)   R     
Haumann (2011, pp. 12-13) A A    A A 
Jacobs and Swink (2011, p. 681)     R   
Kersten (2011, p. 17) R, A    R, A   
Manuj and Sahin (2011, p. 543)   G  G   
Möller, Hülle and Kahle (2011, p. 741) G  G G    
Reiss (2011, p. 78)   R     
Shamsuzzoha (2011, pp. 27, 35) R      R 
Shamsuzzoha and Helo (2011, pp. 318-319) R R   R   
Slamanig (2011, pp. 270-271) R    R   
Wüpping (2011, p. 70) R       
Beckmann (2012, p. 13) G  G  G   
Buchholz (2012, pp. 213-214) R R A A R, A   
Eilmann and Nyhuis (2012, p. 660) R       
Eitelwein, Malz and Weber (2012, p. 79) R       
ElMaraghy et al. (2012, p. 801) R    R   
Flieder (2012, p. 32) R       
Freund and Braune (2012, p. 57)     R   
Heydari and Dalili (2012, p. 63)  G      
Kersten et al. (2012, p. 156) R       
Kesper (2012, p. 62) R R   R   
Lammers (2012, pp. 55-56) R  R     
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Table 52: Overview about existing single approaches, focused on product (Part F) 
Explanation according to  
complexity strategy: 
R Reduction of complexity 
M Mastering of complexity 
A Avoidance of complexity 
I Increasing of complexity 
O Outsourcing of complexity 
G General for complexity management 









































































Meffert, Burmann and Kirchgeorg (2012, p. 449)  R      
Rüßler (2012, p. 12)    R    
Schapiro and Henry (2012, p. 3)  R      
Schawel and Billing (2012, p. 142)   R     
Wildemann (2012, pp. 143-149, 155-156) R, M, A R, M, A  M, A R, M, A   
Wilke (2012, p. 70) R  R  R   
Winkler and Allmayer (2012, p. 16) M   M M   
Boyksen and Kotlik (2013, p. 52)   R     
Seibertz, Brandstätter and Schreiber (2013, p. 165)  M      
Göpfert and Schulz (2013, p. 201)     A   
Götzfried (2013, pp. 43-45) R    R   
Jäger et al. (2013, p. 343) A  A     
Klein (2013, p. 80)     M   
Mayer and Volk (2013, p. 17)  M M     
Meier and Bojarski (2013, p. 547)    R    
Ploom, Glaser and Scheit (2013, p. 15)     R   
Proff and Proff (2013, p. 146)    R    
Viehweger and Malikov (2013, p. 187)       I 
Wildemann (2013, pp. 143-147, 155-156) R, M, A R, M, A  M, A R, M, A   
Wüpping (2013, p. 142) R  R     
Bauernhansl, Schatz and Jäger (2014, p. 347) R, M  R, M     
Bittermann (2014, p. 58)     R   
Ehrlenspiel et al. (2014, pp. 359-361) R    R   
ElMaraghy and ElMaraghy (2014, p. 4) R  R     
Gebhardt, Bahns and Krause (2014, p. 75) R       
Gemünden and Schoper (2014, p. 9) R  R     
Grimm, Schuller and Wilhelmer (2014, p. 94) R  R     
Jäger et al. (2014, p. 649) A  A     
Jensen, Bekdik and Thuesen (2014, pp. 541-554)       G, I 
Joergensen, Schou and Madsen (2014, p. 58) R    R   
Kampker et al. (2014, p. 2) R       
Keuper (2014, pp. 56, 61)   R   R R 
Kieviet (2014, pp. 60, 64) R    R   
Kluth et al. (2014a, p. 226) A       
Kluth et al. (2014b, p. 72) A  A     
Koch and Renner (2014, p. 953)  R      
Koppenhagen (2014, pp. 115, 119) R       
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Table 52: Overview about existing single approaches, focused on product (Part G) 
Explanation according to  
complexity strategy: 
R Reduction of complexity 
M Mastering of complexity 
A Avoidance of complexity 
I Increasing of complexity 
O Outsourcing of complexity 
G General for complexity management 









































































Krumm, Schopf and Rennekamp (2014, p. 193)  M   M  M 
Lanza et al. (2014, p. 65)  M M     
Mattila (2014, p. 145) G    G   
Mayer (2014, p. 27) R       
Prodoehl (2014, p. 45) R       
Schatz, Schöllhammer and Jäger (2014, pp. 688-692) A  R, A     
Schoeneberg (2014a, pp. 18-21) M, R  R     
Schoeneberg (2014b, p. 6)   R     
Schulz (2014a, p. 51) M       
Tamaskar, Neema and DeLaurentis (2014, p. 125) R R      
Thiebes and Plankert (2014, pp. 180-183) M   M   M 
Zerres (2014, pp. 300-305) R  R R, A R R, I R 
Gepp et al. (2015, p. 1) G  G     
Herrmann et al. (2015, p. 251) M M      
Königsreuther (2015, p. 33)  R   R   
Krieg (2015, p. 91)   R     
Kruse, Ripperda and Krause (2015, pp. 1-2) M    M   
Martensson, Zenkert and Akermo (2015, p. 577)      R  
Schott, Horstmann and Bodendorf (2015, p. 36) G  G  G G G 
Schuh et al. (2015, p. 695) R   R    
Theuer (2015, p. 3) R R      
Vollmar and Gepp (2015, p. 14)    G    
Total amount of literature sources, which are con-
cerned with the specific complexity management 
single approach: 





Table 53: Overview about existing single approaches, focused on product portfolio, process and organization 
(Part A) 
Explanation according to  
complexity strategy: 
R Reduction of complexity 
M Mastering of complexity 
A Avoidance of complexity 
I Increasing of complexity 
O Outsourcing of complexity 
G General for complexity management 
Single approaches focused on … 





















































































Child et al. (1991a, pp. 75, 78)  R   R   M 
Fischer (1993, p. 30)   R M     
Hirzel (1993, p. 182)   R      
Reiß (1993a, pp. 8, 13-14, 21-22)       R  
Coenenberg and Prillmann (1995, p. 1245)    R, A     
Crichton and Edgar (1995, p. 13) R        
Fleck (1995, p. 189)  R       
Kippels (1996, p. 3)       M  
Dombkins (1997, p. 428)        G 
Homburg and Daum (1997, pp. 335-336)  R  M     
Jeschke (1997, p. 27)     R, A    
Bliss (1998, p. 157) R        
Eversheim, Schenke and Warnke (1998, p. 32)    R     
Meijer (1998, p. 279)        R 
Wildemann (1998, p. 58) R        
Puhl (1999, p. 37)        R 
Rapp (1999, p. 61) R        
Baldwin and Clark (2000, pp. 59, 64)      R   
Battezzati and Magnani (2000, p. 414)    R     
Bliss (2000, pp. 39-41, 46-49, 197-204) R R R R    R 
Olbrich and Battenfeld (2000, p. 45)        R 
Westphal (2000, p. 31)    R     
Wildemann (2000, p. 7)  R R      
Hoek (2001, p. 163)    R     
Maune (2001, pp. 25, 31-39)  R  R   M  
Piller (2001, p. 226)    R  R, A   
Schuh and Schwenk (2001, p. 83) R        
Wildemann (2001, p. 5)    R     
Franke et al. (2002, pp. 21, 71) M   M     
Zhou (2002, pp. 448-450)    R  R R   





Table 53: Overview about existing single approaches, focused on product portfolio, process and organization 
(Part B) 
Explanation according to  
complexity strategy: 
R Reduction of complexity 
M Mastering of complexity 
A Avoidance of complexity 
I Increasing of complexity 
O Outsourcing of complexity 
G General for complexity management 
Single approaches focused on … 





















































































Aurich and Wagenknecht (2003, p. 662)      A   
Armbruster and Kieser (2003, p. 163)        M 
Dehnen (2004, p. 155)     R    
Gerberich (2004, p. 247)    M     
Hanenkamp (2004, p. 69)  R       
Keuper (2004, pp. 184, 193) R       R 
Mühlenbruch (2004, pp. 46-48) R   R     
Böhmann and Krcmar (2005, pp. 456, 459) R R R R     
Geimer (2005, p. 42)  R       
Hoole (2005, p. 4)    R     
Müller (2005, p. 720) M        
Schuh (2005, p. 129) R        
Stephan (2015, p. 36) R        
Wallenburg and Weber (2005, p. 48)    G     
Blecker and Abdelkafi (2006a, p. 77)      R   
Blecker and Abdelkafi (2006b, p. 923)      R   
Blecker and Abdelkafi (2006c, p. 162)    G     
Meyer, Walber and Schmidt (2006, pp. 532, 535)      R, M   
Spath and Demuß (2006, p. 482)     R    
Aurich, Grzegorski and Lehmann (2007, p. 15)     M    
Durst (2007, p. 31)   R R     
Grotkamp and Franke (2007, p. 35)  R, A       
Hyötyläinen and Möller (2007, p. 305) R        
Lübke (2007, pp. 254-255, 262) R   R     
Meyer (2007, p. 64)   R M, A R M, A   
Straube, Doch and Huynh (2007, p. 37)     R    
Abdelkafi (2008, p. 154)      R   
Huang and Li (2008, p. 111)    R     
Laqua (2008, p. 27)  R       
Mogilner, Rudnick and Iyengar (2008, p. 212)  R       





Table 53: Overview about existing single approaches, focused on product portfolio, process and organization 
(Part C) 
Explanation according to  
complexity strategy: 
R Reduction of complexity 
M Mastering of complexity 
A Avoidance of complexity 
I Increasing of complexity 
O Outsourcing of complexity 
G General for complexity management 
Single approaches focused on … 





















































































Thomas (2008, p. 113)      R   
Beimborn et al. (2009, p. 3)     R    
Bohn (2009, p. 261)    M     
Lasch and Gießmann (2009a, p. 210) R        
Lasch and Gießmann (2009b, pp. 108-110) R R R R R    
Schulze, Mansky and Klimek (2009, p. 1)    M     
AlGeddawy and ElMaraghy (2010, p. 5281)    R     
Bayer (2010, pp. 75-79) R R  R, M     
Blockus (2010, p. 287)  G G     G 
Gießmann (2010, pp. 62-70) R R R R R, A R, A R R 
Keil (2010, p. 6)        R 
Klug (2010, p. 55)    R     
Yang and Ji (2010, p. 183)       R  
Yang and Yang (2010, p. 1909)    R     
Brosch and Krause (2011, p. 1)    R     
Gießmann and Lasch (2011, pp. 15-20) R R R R R, A R, A R R 
Kersten (2011, p. 17)  R   R    
Reiss (2011, p. 80)     G    
Beckmann (2012, p. 13)  G  G     
ElMaraghy et al. (2012, p. 801)      R   
Lammers (2012, p. 55) R        
Winkler and Allmayer (2012, p. 16)    M     
Biedermann and Lindemann (2013, p. 495) G        
Göpfert and Schulz (2013, p. 202)    M     
Jäger et al. (2013, p. 343)     A    
Nagengast, Heidemann and Rudolph (2013, p. 668)  R       
ElMaraghy and ElMaraghy (2014, p. 4)    R     
Jäger et al. (2014, p. 649)  R   A    
Keuper (2014, p. 61)        R 
Kluth et al. (2014a, pp. 226-227)  R   A    





Table 53: Overview about existing single approaches, focused on product portfolio, process and organization 
(Part D) 
Explanation according to  
complexity strategy: 
R Reduction of complexity 
M Mastering of complexity 
A Avoidance of complexity 
I Increasing of complexity 
O Outsourcing of complexity 
G General for complexity management 
Single approaches focused on … 





















































































Mattsson et al. (2014, p. 212)        G 
Schatz, Schöllhammer and Jäger (2014, pp. 691-692)  R     M  
Schulz (2014b, pp. 218-220, 225)    M     
Wölfling (2014, p. 17)    G G G G  
Zerres (2014, pp. 300, 306)    R     
Braun (2016, p. 308)       R  
Schott, Horstmann and Bodendorf (2015, p. 36) G G       
Total amount of literature sources, which are con-
cerned with the specific complexity management 
single approach: 
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Abdelkafi N, Blecker T, Pero M (2010) Aligning New Product Development and Supply Chains: 
Development of a Theoretical Framework and Analysis of Case Studies. In: Huang G, Mak K L, 
Maropoulos P G (eds) Proceedings of the 6th CIRP-Sponsored International Conference on Digital 
Enterprise Technology. Springer, Berlin, pp 1399-1419 
Adam D (1998) Produktions-Management, 9th edn. Gabler, Wiesbaden 
Adam D (2004) Controlling bei Komplexität. In: Bensberg F, Brocke J vom, Schultz M (eds) Trend-
berichte zum Controlling: Festschrift für Heinz Lothar Groß. Springer, Berlin, pp 17-32 
Adam D, Rollberg R (1995) Komplexitätskosten. Die Betriebswirtschaft 55(5): 667-670 
Adrian O (2007) Platform Concept: A Breakthrough in Surface Radar Architecture. In: Proceedings of 
the International Conference on Radar Systems IET 2007. Edinburgh, UK, IEEE, pp 1-5 
Aelker J, Bauernhansl T, Ehm H (2013) Managing complexity in supply chains: A discussion of current 
approaches on the example of the semiconductor industry. Procedia CIRP 7:79-84 
Aggeri F, Segrestin B (2007) Innovation and project development: an impossible equation? Lessons from 
an innovative automobile project development. R&D Management 37(1):37-47 
Agrawalla R (2011) Systems Engineering To Conquer Complexity. In: Proceedings of the 3rd Inter-
national Conference on Electronics Computer Technology. IEEE, Kanyakumari, India, pp 154-159 
Ahrendts F, Marton A (2008) IT-Risikomanagement leben: Wirkungsvolle Umsetzung für Projekte in 
der Softwareentwicklung. Springer, Berlin 
Albers A, Gausemeier J (2012) Von der fachdisziplinorientierten Produktentwicklung zur voraus-
schauenden und systemorientierten Produktentstehung. In:  Anderl R, Eigner M, Sendler U, Stark 
R (eds) Smart Engineering: Interdisziplinäre Produktentstehung. Springer, Berlin, pp 17-29 
Alflayyeh S (2013) Supply Chain Complexity, Integrative Network and Competence Practices for Effective 
Performance Outcomes: Research Model and Empirical Test. Dissertation, University of Toledo. 
http://utdr.utoledo.edu/cgi/viewcontent.cgi?article=2653&context=theses-dissertations.  
Accessed 08 January 2017 
AlGeddawy T, ElMaraghy H (2010) Assembly systems layout design model for delayed products 
differentiation. International Journal of Production Research 48(18):5281-5305 
Amann W, Nedopil C, Steger U (2011) The meta-challenge of complexity for global companies. Journal 
of Database Marketing & Customer Strategy Management 18(3):200-204 
Anderson C (2006) The long tail: Why the future of business is selling less of more. Hyperion, New York 
Anderson B, Hagen C, Reifel J, Stettler E (2006) Complexity: customization’s evil twin. Strategy & 
Leadership 34(5):19-27.  
LV References 
 
Armbruster D, Kieser A (2003) Jeder Mitarbeiter ein Unternehmer!? Wie Intrapreneurshipprogramme 
Mitarbeiter zwar nicht zu echten Unternehmern machen, aber doch zu höheren Leistungen anspornen 
können. Zeitschrift für Personalforschung 17(2): 151-175 
Arnold U (1997) Beschaffungsmanagement, 2nd edn. Schäffer-Poeschel, Stuttgart 
Asan S (2009) A Methodology Based on Theory of Constraints’ Thinking Processes for Managing 
Complexity in the Supply Chain. Dissertation, Technical University of Berlin 
Ashmos D, Duchon D, McDaniel R (2000) Organizational responses to complexity: the effect on 
organizational  performance. Journal of Organizational Change Management 13(6):577-594 
A.T. Kearney (2004) The Complexity Challenge: A Survey on Complexity Management Across the 
Supply Chain. A.T. Kearney Inc.   
http://atkearneyprocurementsolutions.com/knowledge/publications/2004/Complexity_Manageme
nt_S.pdf. Accessed 20 May 2015. 
Augusto Cauchick Miguel P (2007) Innovative new product development: a study of selected QFD case 
studies. The TQM Magazine 19(6):617-625 
Aurich J, Barbian P, Wagenknecht C (2003) Prozessmodule zur Gestaltung flexibilitätsgerechter 
Produktionssysteme. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 98(5):214-218 
Aurich J, Grzegorski A, Lehmann F (2007) Management vielfaltsinduzierter Prozesskomplexität in 
globalen Netzwerken. Industrie Management 23(6):13-16 
Aurich J, Grzegorski A (2008) Vielfaltsinduzierte Komplexität in Ingenieurprozessen: Gestaltung, 
Beherrschung und Verbesserung komplexer Ingenieurprozesse in Netzwerken global verteilter 
Entwicklungs- und Produktionsstandorte. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 
103(5):316-321 
Aurich J, Wagenknecht C (2003) Bausteinbasierte Modellierung unternehmensübergreifender Pro-
duktionsprozesse. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 98(12):661-665 
B 
Backhaus K, Erichson B, Plinke W, Weiber R (2011) Multivariate Analysemethoden: Eine 
anwendungsorientierte Einführung, 13th edn. Springer, Heidelberg 
Baldwin C, Clark K (2000) Design Rules: The Power of Modularity. MIT, Cambridge 
Ballmer R (2009) Die Dynamik der Nachfrage meistern. Handelszeitung, 13 May, p 61 
Battezzati L, Magnani R (2000) Supply chains for FMCG and industrial products in Italy: Practices 
and the advantages of postponement. International Journal of Physical Distribution & Logistics 
Management 30(5):413-424 
Bauernhansl T, Schatz A, Jäger J (2014) Komplexität bewirtschaften – Industrie 4.0 und die Folgen: 
Neue Herausforderungen für sozio-technische Produktionssysteme. ZWF Zeitschrift für wirtschaft-
lichen Fabrikbetrieb 109(5):347-350 
Baumberger G (2007) Methoden zur kundenspezifischen Produktdefinition bei individualisierten Pro-
dukten. Dissertation, Technische Universität München 
Bayer T (2010) Integriertes Variantenmanagement: Variantenkostenbewertung mit faktoranalytischen 
Komplexitätstreibern. Rainer Hampp, München 
References LVI 
 
Beckmann H (2012) Prozessorientiertes Supply Chain Engineering: Strategien, Konzepte und Methoden 
zur modellbasierten Gestaltung. Springer, Wiesbaden 
Beetz R, Grimm A, Eickmeyer T (2008) Die Strategie der Integrierten Wertschöpfungskette zur 
Anlaufsteuerung bei der Vorserienlogistik der AUDI AG. In:  Schuh G, Stölzle W, Straube F (eds) 
Anlaufmanagement in der Automobilindustrie erfolgreich umsetzen: Ein Leitfaden für die Praxis. 
Springer, Wiesbaden, pp 31-42 
Beimborn D, Gleisner F, Joachim N, Hackethal A (2009) The Role of Process Standardization in 
Achieving IT Business Value. In: Proceedings of the 42nd Hawaii International Conference on 
System Sciences. IEEE, Waikoloa, Big Island, Hawaii, pp 1-10 
Beinhocker E (2007) Managing in a complex world. The McKinsey Quarterly 5(2):4-5 
Belz C, Schmitz C (2011) Verkaufskomplexität: Leistungsfähigkeit des Unternehmens in die Interaktion 
mit dem Kunden übertragen. In: Homburg C, Wiesecke J (eds) Handbuch Vertriebsmanagement: 
Strategie, Führung, Informationsmanagement, CRM. Gabler, Wiesbaden, pp 181-206 
Benett S (1999) Komplexitätsmanagement in der Investitionsgüterindustrie. Difo, Bamberg 
Berens W, Schmitting W (1998) Controllinginstrumente für das Komplexitätsmanagement: Potentiale 
des internen Rechnungswesens. In: Adam D (ed) Komplexitätsmanagement. Gabler, Wiesbaden,  
pp 67-110 
Berner F, Kochendörfer B, Schach R (2013) Grundlagen der Baubetriebslehre 2: Baubetriebsplanung, 
2nd edn. Springer, Wiesbaden 
Bertalanffy L van (1950) An Outline of General System Theory. British Journal for the Philosophy of  
Science 1(2):134-165 
Beutin N (2000) Kundennutzen in industriellen Geschäftsbeziehungen. Deutscher Universitäts-Verlag, 
Wiesbaden 
Bick W, Drexl-Wittbecker S (2008) Komplexität reduzieren: Konzept, Methode, Praxis. LOG_X 
Verlag, Stuttgart 
Biedermann W, Lindemann U (2013) Structural Complexity Management in Sustainable Engineering. 
In: Kauffmann J, Lee K-M (eds) Handbook of Sustainable Engineering, 2nd edn. Springer, 
Dordrecht, pp 493-518 
Biersack F (2002) Gestaltung und Nutzung makrostruktureller Flexibilität. Europäischer Verlag der 
Wissenschaft, Frankfurt am Main 
Binckebanck L, Lange J (2013) Komplexitätsmanagement als Führungsaufgabe im Vertrieb. In: 
Binckebanck L, Hölter A-K, Tiffert A (eds) Führung von Vertriebsorganisationen: Strategie - 
Koordination - Umsetzung. Springer Gabler, Wiesbaden, pp 91-114 
Bittermann H-J (2014) Kurz, aber effektiv. Automobil Industrie. 3:58-59 
Blecker T, Abdelkafi N (2006a) Complexity in Variety-Rich-Production Systems. In: Blecker T, Kesten 
W (eds) Complexity Management in Supply Chains: Concepts, Tools and Methods. Erich Schmidt, 
Berlin, pp 67-86 
Blecker T, Abdelkafi N (2006b) Complexity and variety in mass customization systems: analysis and 
recommendations. Management Decision 44(7):908-929 
LVII References 
 
Blecker T, Abdelkafi N (2006c) Modularity and Delayed Product Differentiation in Assemble-To-Order 
Systems. In: Blecker T, Friedrich G (eds) Mass Customization: Challenges and Solutions. Springer, 
New-York, pp 161-186 
Blecker T, Friedrich G, Kaluza B, Abdelkafi N, Kreutler G (2005) Information and Management 
Systems for Product Customization. Springer, Boston 
Blecker T, Kersten W (2006) Complexity Management in Supply Chains: Concepts, Tools and Methods. 
Erich Schmidt, Berlin 
Blecker T, Kersten W, Meyer C (2005) Development of an Approach for Analyzing Supply Chain 
Complexity. Hamburg University of Technology.     
http://mpra.ub.uni-muenchen.de/5284/1/MPRA_paper_5284.pdf. Accessed 20 May 2015 
Bliss C (1998) Komplexitätsreduktion und Komplexitätsbeherrschung bei der Schmitz-Anhänger 
Fahrzeugbau-Gesellschaft mbH. In: Adam D (ed) Komplexitätsmanagement: Schriften zur Unter-
nehmensführung. Gabler, Wiesbaden, pp 145-168 
Bliss C (2000) Management von Komplexität: Ein integrierter, systemtheoretischer Ansatz zur 
Komplexitätsreduktion. Betriebswirtschaftlicher Verlag, Wiesbaden 
Blockus M-O (2010) Komplexität in Dienstleistungsunternehmen: Komplexitätsformen, Kosten- und 
Nutzenwirkungen, empirische Befunde und Managementimplikationen. Gabler, Wiesbaden 
Bloech J, Bogaschewsky R, Götze U, Roland F (1998) Einführung in die Produktion, 3rd edn. 
Springer, Heidelberg 
Böckle G (2005) Introduction to Software Product Line Engineering. In: Pohl K, Böckle G, Linden F van 
der (eds) Software Product Line Engineering: Foundations, Principles, and Techniques. Springer, 
Berlin, pp 3-18 
Bode C, Wagner S M (2015) Structural drivers of upstream supply chain complexity and the frequency 
of supply chain disruptions. Journal of Operations Management 36:15-228 
Böhmann T, Krcmar H (2005) Einfach besser? Zur Anwendbarkeit des industriellen Komplexitätsmana-
gements auf variantenreiche IT-Dienstleistungen. In: Ferst OK, Sinz EJ, Eckert S, Isselhorst T (eds) 
Wirtschaftsinformatik 2005: eEconomy, eGovernment, eSociety. Physica, Heidelberg, pp 449-468 
Bohn M (2009) Logistik im Kontext des ausländischen Markteintritts: Entwicklung von Gestaltungs-
empfehlungen für den ausländischen Markteintritt unter besonderer Berücksichtigung der Erfolgs-
komponente Logistik. Universitätsverlag, Berlin 
Bohne F (1998) Komplexitätskostenmanagement in der Automobilindustrie: Identifizierung und Gestal-
tung vielfaltsinduzierter Kosten. Gabler, Wiesbaden 
Borowski E, Henning K (2013) Agile Prozessgestaltung und Erfolgsfaktoren im Produktionsanlauf als 
komplexer Prozess. In: Jeschke S, Isenhardt I, Hees F, Henning K (eds) Automation, Communication 
and Cybernetics in Science and  Engineering 2011/2012. Springer, Berlin, pp 27-40 
Bosch-Rekveldt M, Bakker H, Hertogh M, Mooi H (2015) Drivers of Complexity in Engineering 
Projects. In: Schwindt C, Zimmermann J (eds) Handbook on Project Management and Scheduling 
Vol. 2. Springer, Cham, pp 1079-1104 
Bosch-Rekveldt M, Jongkind Y, Mooi H, Bakker H, Verbraeck A (2011) Grasping project 
complexity in large engineering projects: The TOE (Technical, Organizational and Environmental) 
framework. International Journal of Project Management. 29:728-739 
References LVIII 
 
Boyksen M, Kotlik L (2013) Komplexitätscontrolling: Komplexität erkennen, bewerten und optimieren. 
Controller Magazin, November/Dezember 2013:48-52    
http://www.camelot-mc.com/fileadmin/user_upload/Presse/2013/Controller_Magazin_ 
Komplexitaetscontrolling.pdf. Accessed 20 May 2015 
Bozarth C, Warsing D, Flynn B, Flynn J (2009) The impact of supply chain complexity on 
manufacturing plant performance. Journal of Operations Management 27:78-93 
Braess H-H, Seiffert U (2013) Vieweg Handbuch Kraftfahrzeugtechnik, 7th edn. Springer, Wiesbaden 
Brandenburg M (2013) Quantitative Models for Value-Based Supply Chain Management. Springer, 
Heidelberg 
Brandenburg M, Kuhn H, Schilling R, Seuring S (2014) Performance- and value-oriented decision 
support for supply chain configuration: A discrete-event simulation model and a case study of an 
FMCG manufacturer, Logistics Research 7(118):1-16 
Brandes D, Brandes N (2014) Einfach managen: Komplexität vermeiden, reduzieren und beherrschen. 
Redline, München 
Brandon-Jones E, Squire B, Rossenberg Y van (2015) The impact of supply base complexity on 
disruptions and performance: the moderating effects of slack and visibility. International Journal of 
Production Research 53(22):6903-6918 
Braun C (2016) Komplexität interner Dienstleistungen: Konzeptualisierung, Messung und Integration in 
ein Wirkungsmodell. Springer Gabler, Wiesbaden 
Bretzke W-R (2015) Logistische Netzwerke, 3rd edn. Springer Vieweg, Berlin 
Brewerton P, Millward L (2001) Organizational Research Methods. Sage, London 
Brexendorf J (2012) Komplexität in Kooperationen: Eine empirisch basierte Analyse unter der 
Anwendung des Sensitivitätsmodells. Logos, Berlin 
Brockhaus (2006) Enzyklopädie in 30 Bänden: Band 6 Comf-Diet. Brockhaus, Leipzig 
Bronner R (1992) Komplexität. In: Frese E (ed) Enzyklopädie der Betriebswirtschaftslehre: Handwörter-
buch der Organisation. Poeschel, Stuttgart, pp 1121-1130 
Brosch M, Beckmann G, Griesbach M, Dalhöfer J, Krause D (2011a) Design for Value Chain: 
Ausrichtung des Komplexitätsmanagements auf globale Wertschöpfungskette. ZWF Zeitschrift für 
wirtschaftlichen Fabrikbetrieb 106(11):855-860 
Brosch M, Beckmann G, Krause D, Griesbach M, Dalhöfer J (2011b) Design for Value Chain: 
Handlungsfelder zur ganzheitlichen Komplexitätsbeherrschung. In: DFX 2011 Proceedings of the 
20nd Symposium Design for X. TuTech Innovation, Tutzing, pp 67-78 
Brosch M, Beckmann G, Griesbach M, Dalhöfer J, Krause D (2012) Design for Value Chain – 
Towards an Evaluation of Global Value Chain Complexity. In: Blecker T, Kersten W, Ringle C 
(eds) Managing the Future Supply Chain: Current Concepts and Solutions for Reliability and 
Robustness. Josef Eul, Lohmar, pp 119-135 
Brosch M, Krause D (2011) Design for Supply Chain Requirements: An Approach to Detect the 
Capabilities to Postpone. In: Proceedings of the ASME 2011 International Design Engineering 
Technical Conferences & Computers and Information in Engineering Conference IDETC/CIE 2011. 
Washington, pp 1-9 
LIX References 
 
Brosius F (2013) SPSS 21. mitp, Heidelberg 
Brown K, Anderson A H, Bauer L, Berns M, Hirst G, Miller J (2006) Encyclopedia of Language 
and Linguistics: Second Edition. Elsevier, Oxford 
Bruce C (1994) Research Students’ Early Experiences of the Dissertation Literature Review. Studies in 
Higher Education 19(2):217-229 
Buchholz M (2012) Theorie der Variantenvielfalt: Ein produktions- und absatzwirtschaftliches 
Erklärungsmodell. Gabler, Wiesbaden 
Budde O, Golovatchev J (2011) PLM Audit in the Telecommunication Industry. In: Thoben K-D, Stich 
V, Imtiaz A (eds) Proceedings of the 17th International Conference on Concurrent Enterprising. 
Aachen, IEEE, pp 183-194 
Budde O, Golovatchev J (2014) Produkte des intelligenten Markts. In: Aichele C, Doleski O (eds) Smart 
Market. Springer, Wiesbaden, pp 593-620 
Bullinger H-J, Fähnrich K-P, Meiren T (2003) Service engineering-methodical development of new 
service products: Structuring and Planning Operations. International Journal of Production 
Economics 85(3):275-287 
Buob M (2010) Verkaufskomplexität im Außendienst: Konzeption – Erfolgswirkungen – Möglichkeiten im 
Umgang. Gabler, Wiesbaden 
Business Dictionary (2014) driver.   
http://www.businessdictionary.com/definition/driver.html. Accessed 20 May 2015 
Butzer S, Schötz S, Kruse A, Steinhilper R (2014) Managing Complexity in Remanufacturing 
Focusing on Production Organisation. In: Zaeh M (ed) Enabling Manufacturing Competitiveness 
and Economic Sustainability: Proceedings of the 5th International Conference on Changeable, Agile, 
Reconfigurable and Virtual Production (CARV 2013). Springer, Munich, pp 365-370 
BVL - Bundesvereinigung Logistik (2014) Logistik wird zum Impulsgeber für den Wandel hin zur 
Industrie 4.0. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 109(11):866 
C 
Caesar C (1991) Kostenorientierte Gestaltungsmethodik für variantenreiche Serienprodukte: Variant 
Mode and Effects Analysis (VMEA). VDI, Düsseldorf 
Calinescu A, Efstathiou J, Schirn J, Bermejo J (1998) Applying and assessing two methods for 
measuring complexity in manufacturing. The Journal of the Operational Research Society 49(7):723-
733 
Cambridge Dictionary (2017) Single. https://dictionary.cambridge.org/de/worter-buch/englisch/single. 
Accessed 26th November 2017 
Caniato F, Crippa L, Größler A (2010) Product Complexity and Modularity as Drivers of New Product 
Development and Supply Chain Management Integration?. In: GIC-Prodesc Proceedings of the 
German-Italian Conference on the Interdependencies between New Product Development and 
Supply Chain Management in Hamburg. TuTech Innovation, Hamburg, pp 62-76 




Carbonara N, Giannoccaro I (2009) Managing the complexity of the supply chain. In: Proceedings of 
the IEEE International Conference on Industrial Engineering and Engineering Management. Hong 
Kong, IEEE, pp 553-557 
Caridi M, Pero M, Sianesi A (2009) The impact of NPD projects on supply chain complexity: an 
empirical research. International Journal of Design Engineering 2(4):380-397 
Chapman R, Hyland P (2004) Complexity and learning behaviors in product innovation. Technovation 
24:553-561 
Child P, Dietrichs R, Sanders F-H, Wisniowski S (1991a) SMR Forum: The Management of 
Complexity. Sloan Management Review 33(1): 73-80 
Child P, Dietrichs R, Sanders F-H, Wisniowski S (1991b) The management of complexity. The 
McKinsey Quarterly 28(4):52-69 
Christ J P (2015) Intelligentes Prozessmanagement: Marktanteile ausbauen, Qualität steigern, Kosten 
reduzieren. Springer Gabler, Wiesbaden 
Chronéer D, Bergquist B (2012) Managerial Complexity in Process Industrial R&D Projects: A Swedish 
Study. Project Management Journal 43(2):21-36 
Cimatti B, Tani G (2009) New Methodologies to Measure Product Technological Complexity for 
Manufacturing  Optimization. In: Proceedings of the International Conference on Industrial 
Engineering and Engineering Management, Hong Kong, IEEE, pp. 1229-1233 
Claeys A, Hoedt S, Soete N, Landeghem H van, Cottyn J (2015) Framework for Evaluating 
Cognitive Support in Mixed Model Assembly Systems. IFAC-PapersOnLine 48(3):925-929 
Clark K, Fujimoto T (1991) Product Development Performance: Strategy, Organization, and 
Management in the World Auto Industry. Harvard Business School, Boston 
Closs D, Jacobs M, Swink M, Webb S (2008) Toward a theory of competencies for the management 
of product complexity: Six case studies. Journal of Operations Management 26(5):590-610 
Coenenberg A, Prillmann M (1995) Erfolgswirkungen der Variantenvielfalt und Variantenmanagement: 
Empirische Erkenntnisse aus der Elektronikindustrie. ZfB Zeitschrift für Betriebswirtschaft 
65(11):1231-1253 
Collinson S, Jay M (2012) From Complexity to Simplicity: Unleash Your Organization’s Potential. 
Palgrave Macmillan, New York 
Colwell B (2005) Complexity in Design. IEEE Computer Society 38(10):10-12 
Crichton E, Edgar D (1995) Managing complexity for competitive advantage: an IT perspective. 
International Journal of Contemporary Hospitality Management 7(2/3):12-18  
Cummings P (1991) Symptoms of complexity. The McKinsey Quarterly 28(4):60-61 
Curran C-S, Elliger C, Rüdiger S (2008) Komplexitätsmanagement: Wann ist viel schon zu viel?. 
Nachrichten aus der Chemie 56(2):160-162 
D 
Dalhöfer J (2009) Komplexitätsbewertung indirekter Geschäftsprozesse. Shaker, Aachen 
LXI References 
 
Davila T (2000) An empirical study on the drivers of management control systems’ design in new product 
development. Accounting, Organizations and Society 25(4-5):383-409 
Dehnen K (2004) Strategisches Komplexitätsmanagement in der Produktentwicklung. Dr. Kovac, 
Hamburg 
Dellanoi R (2006) Kommunalitäten bei der Entwicklung variantenreicher Produktfamilien. Difo-Druck, 
Bamberg 
Deloitte (2003) Mastering complexity in global manufacturing: Powering profits and growth through value 
chain synchronization. Deloitte & Touche.    
http://www.researchgate.net/publication/260414546_Mastering_Complexity_in_Global_ 
Manufacturing_Powering_Profits_and_Growth_through_Value_Chain_Synchronization. 
Accessed 20th May 2015 
Denk R (2007) Die 5 α des Komplexitätsmanagements. CFO aktuell, February:19-22  
http://www.contrast-consulting.com/fileadmin/user_upload/press_file/ 
Komplexitaetsmanagement_01.pdf. Accessed 20 May 2015 
Denk R, Pfneissl T (2009) Komplexitätsmanagement. Linde, Wien 
Dictionary (2017) Approach. http://www.dictionary.com/browse/approach. Accessed 26th November 
 2017 
Die Zeit (2005) Das Lexikon: Mit dem Besten aus der Zeit. Band 3 Char-Dur. Zeitverlag, Hamburg 
Dolezal W (2008) Success Factors for Digital Mock-ups (DMU) in complex Aerospace Product 
Development. Dissertation, Technische Universität München 
Dombkins D (1997) PROJAM: The Management of Complex Projects and Programs. Dissertation, 
Deakin University 
Dombrowski U, Herrmann C, Lacker T, Sonnentag S (2009) Modernisierung kleiner und mittlerer 
Unternehmen: Ein ganzheitliches Konzept. Springer, Berlin 
Döpke S, Kress S, Kühl A (2009) Performance Measurement zur Unterstützung des Varianten-
managements: Konzeption und Implementierung eines kennzahlenorientierten Informationssystems 
auf Basis von SAP BI bei der KSB AG. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 
104(11):965-970 
Dörner D (2001) Die Logik des Misslingens: Strategisches Denken in komplexen Situationen, 14th edn. 
Rowohlt, Reinbek bei Hamburg 
Dubislav W (1981) Die Definition. Felix Meiner, Hamburg 
Duerre M, Steger U (2010) Empirical study of industry complexity. In: Schwand A, Franklin J (eds) 
Logistics: The Backbone for Managing Complex Organizations. Haupt, Bern, pp 83-114 
Durst M (2007) Wertorientiertes Management von IT-Architekturen. Deutscher Universitäts-Verlag, 
Wiesbaden 
E 
Edersheim E H, Wilson J (1992) Complexity at Consumer Goods Companies: Naming and Taming the 
Beast. Journal of Cost Management 6(36):26-36 
References LXII 
 
Ehrenmann F (2015) Kosten- und zeiteffizienter Wandel von Produktionssystemen: Ein Ansatz für ein 
ausgewogenes Change Management von Produktionsnetzwerken. Springer Gabler, Wiesbaden 
Ehrlenspiel K (1995) Integrierte Produktentwicklung: Methoden für Prozessorganisation, Produkt-
erstellung und Konstruktion. Carl Hanser, München 
Ehrlenspiel K, Kiewert A, Lindemann U, Mörtl M (2014) Kostengünstig Entwickeln und 
Konstruieren: Kostenmanagement bei der integrierten Produktentwicklung, 7th edn. Springer, Berlin 
Eichen S van den, Stahl H, Odenthal S, Vollrath C (2005) Steuern – statt reduzieren. Harvard 
Business Manager 27(12):114-123 
Eigner M, Anderl R, Stark R (2012) Interdisziplinäre Produktentstehung. In: Anderl R, Eigner M, 
Sendler U, Stark R (eds) Smart Engineering: Interdisziplinäre Produktentstehung. Springer, Berlin, 
pp 7-16 
Eilmann J, Nyhuis P (2012) Modellierung von Prozesskosten in der Beschaffung: Integration von 
Logistikkosten in eine modellbasierte Methodik zur Bewertung und Gestaltung der Beschaffung. 
ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 107(9):657-661 
Eitelwein O, Malz S, Weber J (2012) Erfolg durch Modularisierung. ZfCM Zeitschrift für Control- 
ling & Management Sonderheft 2:79-84 
El Haouzi H, Thomas A, Pétin J (2008) Contribution to reusability and modularity of manufacturing 
systems simulation models: Application to distributed control simulation within DFT context. 
International Journal of Production Economics 112(1):48-61 
ElMaraghy W, ElMaraghy H, Tomiyama T, Monostori L (2012) Complexity in engineering design 
and manufacturing. CIRP Annals – Manufacturing Technology 61:793-814 
ElMaraghy H, ElMaraghy W (2014) Variety, Complexity and Value Creation. In: Zaeh M (ed) Enabling  
Manufacturing  Competitiveness and Economic Sustainability: Proceedings of the 5th  International 
Conference on Changeable, Agile, Reconfigurable and Virtual Production (CARV 2013) in Munich 
October 6–9. Springer, Cham, pp 1-7 
Erkayhan S (2011) Ein Vorgehensmodell zur automatischen Kopplung von Services am Beispiel der 
Integration von Standardsoftware. KIT Scientific Publishing, Karlsruhe 
Espinosa A, Harnden R, Walker J (2007) Beyond hierarchy: a complexity management perspective. 
Kybernetes 36(3/4):333-347 
Ethiraj S, Levinthal D (2004) Modularity and Innovation in Complex Systems. Management Science 
50(2):159-173 
Eversheim W, Schenke F-B, Warnke L (1998) Komplexität im Unternehmen verringern und 
beherrschen – Optimale Gestaltung von Produkten und Produktionssystemen. In: Adam D (ed) 
Komplexitätsmanagement. Gabler, Wiesbaden, pp 29-46 
F 
Fabig C, Haasper A (2012) Komplexitätsmanagement im 21. Jahrhundert. In: Fabig C, Haasper A (eds) 




Fässberg T, Harlin U, Garmer K, Gullander P, Fasth A, Mattsson S, Dencker K, Davidsson 
A, Stahre J (2011) An empirical study towards a definition of production complexity. In: 
Proceedings of the 21st International Conference on Production Research. Stuttgart, pp 1-6 
F.A.Z.-Institut für Management-, Markt- und Medieninformationen GmbH (2009) Mana-
gementkompass Komplexitätsmanagement. Boschen Offsetdruck, Frankfurt am Main 
Fehling G (2002) Aufgehobene Komplexität: Gestaltung und Nutzung von Benutzungsschnittstellen. 
Dissertation, University of Tübingen 
Feldhusen J, Gebhardt B (2008) Product Lifecycle Management für die Praxis: Ein Leitfaden zur 
modularen Einführung, Umsetzung und Anwendung. Springer, Berlin 
Fettke P, Loos P (2005) Der Beitrag der Referenzmodellierung zum Business Engineering. HMD – Praxis 
der Wirtschaftsinformatik 241:18-26 
Field A P (2005) Discovering statistics using SPSS, 2nd edn. Sage, London 
Fink A (2014) Conducting Research Literature Reviews: From the Internet to Paper. Sage, Los Angeles 
Fischer T (1993) Variantenvielfalt und Komplexität als betriebliche Kostenbestimmungsfaktoren?. krp 
Kostenmanagement 37(1):27-31 
Fisher M, Ramdas K, Ulrich K (1999) Component Sharing in the Management of Product Variety: A 
Study of Automotive Braking Systems. Management Science. 45(3):297-315 
Fleck A (1995) Hybride Wettbewerbsstrategien: Zur Synthese von Kosten- und Differenzierungsvorteilen. 
Gabler, Wiesbaden 
Flieder K (2010) Mit RFID und BPM zum ereignisgesteuerten Unternehmen. ZWF Zeitschrift für wirt-
schaftlichen Fabrikbetrieb 105(5):494-502 
Flieder K (2012) Modularisierung in Automotive und SOA. Productivity Management 17(1):32-35 
Flynn B, Flynn E (1999) Information-Processing Alternatives for Coping with Manufacturing 
Environment Complexity. Decision Sciences 30(4):1021-1052 
Flynn B, Sakakibara S, Schroeder R, Bates K, Flynn E (1990) Empirical Research Methods in 
Operations Management. Journal of Operations Management 9(2):250-284 
Franke H-J, Firchau N (2001) Variantenvielfalt in Produkten und Prozessen – Erfahrungen, Methoden 
und Instrumente zur erfolgreichen Beherrschung. In: VDI-Gesellschaft Entwicklung Konstruktion 
Vertrieb (ed) Variantenvielfalt in Produkten und Prozessen: Erfahrungen, Methoden und 
Instrumente. VDI, Düsseldorf, pp 1-9 
Franke H-J, Hesselbach J, Huch B, Firchau N (2002) Variantenmanagement in der Einzel- und 
Kleinserienfertigung. Carl Hanser, München.   
Freund M, Braune A (2012) Multi-Platform User Interface Models by means of the Abstract Platfomr 
Concept. In: Proceedings of the International Conference on Industrial Technology 2012. Athens, 
Greece, IEEE, pp 54-59 
Fricker A (1996) Eine Methodik zur Modellierung, Analyse und Gestaltung komplexer Produktions-
strukturen. Verlag der Augustinus Buchhandlung, Aachen 





Gabath C (2008) Gewinngarant Einkauf: Nachhaltige Kostensenkung ohne Personalabbau. Gabler, 
Wiesbaden 
Gausemeier J, Riepe B (2005) Komplexitätsbeherrschung in den frühen Phasen der Produktentwicklung. 
Industrie Management 16(5):54-58 
Gebhardt N, Bahns T, Krause D (2014) An example of visually supported design of modular product 
families. Procedia CIRP 21:75-80 
Geimer H (2005) Komplexitätsmanagement globaler Supply Chains. HMD – Praxis der Wirtschafts-
informatik 42:38-46 
Geimer H, Schulze F (2005) Die Beherrschung der Komplexität. Jahrbuch der Logistik 19:98-102 
Gell-Mann M (1994) Das Quark und der Jaguar: Vom Einfachen zum Komplexen. Piper, München 
Gemünden H G, Schoper Y-G (2014) Future Trends in Project Management: First Results of the New 
Expert Survey 2014. Project Management aktuell 5:6-16 
Gepp M, Foehr M, Vollmar J, Schertl A, Schaeffler T (2015) System integration in modularization 
and standardization programs. In: Proceedings of the 9th Annual IEEE Systems Conference 
(SysCon). Vancouver, Canada, IEEE, pp 1-6 
Gerberich C (2004) Managen von Komplexität und Dynamik – eine große Herausforderung für heutige 
Unternehmen. In: Maier F (ed) Komplexität und Dynamik als Herausforderung für das Management. 
Deutscher Universitäts-Verlag, Wiesbaden, pp 235-260 
Gerschberger M, Engelhardt-Nowitzki C, Kummer S, Staberhofer F (2012) A model to determine 
complexity in supply networks. Journal of Manufacturing Technology Management 23(8):1015-1037 
Gerschberger M, Hohensinn R (2013) Supply Chain Complexity: A view from different perspectives. 
In: Proceedings of the POM 2013 - Twenty Fourth Annual Conference, Denver, United States of 
America, pp 1-7 
Giannopoulos N (2006) Estimating the Design and Development Cost of Electronic Items. Dissertation, 
University of Cranfield 
Gießmann M (2010) Komplexitätsmanagement in der Logistik – Kausalanalytische Untersuchung zum 
Einfluss der Beschaffungskomplexität auf den Logistikerfolg. Josef Eul, Lohmar 
Gießmann M, Lasch R (2010) Der Einfluss der Beschaffungskomplexität auf den Logistikerfolg: Eine 
kausalanalytische Untersuchung unter Verwendung des Partial-Least-Squares (PLS) – Ansatzes. In: 
Bogaschewsky R, Eßig M, Lasch R, Stölzle W (eds) Supply Management Research: Aktuelle 
Forschungsergebnisse 2010. Gabler, Wiesbaden, pp 149-196 
Gießmann M, Lasch R (2011) Komplexitätsmanagement in der Logistik: Empfehlungen für die 
praktische Durchführung und Umsetzung. Technische Universität Dresden.   
http://www.gbv.de/dms/zbw/682216739.pdf. Accessed 20 May 2015 
Gille C (2013) Gestaltung von Produktänderungen im Kontext hybrider Produkte: Kostenanalyse am 
Beispiel der Groß- und Kleinserienfertigung im Maschinenbau. Springer Gabler, Wiesbaden 
Gläser J, Laudel G (2010) Experteninterviews und qualitative Inhaltsanalyse: als Instrumente rekonstru-
ierender Untersuchungen, 4th edn. VS Verlag, Wiesbaden 
LXV References 
 
Gleich R, Klein A (2013) Komplexitätscontrolling: Komplexität verstehen und beherrschen. Haufe, 
Freiburg 
Gomes P, Dahab S (2010) Bundling resources across supply chain dyads: The role of modularity and 
coordination capabilities. International Journal of Operations & Production Management 30(1):57-
74  
Göpfert I, Schulz M (2013) Variantenmanagements als Bestandteil einer logistikgerechten Produkt-
entwicklung – Eine Untersuchung am Beispiel der Automobilindustrie. In: Göpfert I, Braun D, 
Schulz M (eds) Automobillogistik: Stand und Zukunftstrends, 2nd edn. Springer, Wiesbaden, pp 
193-205 
Göpfert J (1998) Modulare Produktentwicklung: Komplexitätsbewältigung durch die gemeinsame 
Modularisierung von Produkt und Entwicklungsorganisation. In: Franke N, Braun C-F von (eds) 
Innovationsforschung und Technologiemanagement: Konzepte, Strategien, Fallbeispiele, Springer, 
Berlin, pp 139-151 
Göpfert J (2009) Modulare Produktentwicklung: Zur gemeinsamen Gestaltung von Technik und Organi-
sation. Books on Demand, Norderstedt 
Göpfert J, Steinbrecher M (2001) Komplexitätsbeherrschung durch modulare Produktentwicklung. In: 
VDI-Gesellschaft Entwicklung Konstruktion Vertrieb (ed) Variantenvielfalt in Produkten und 
Prozessen: Erfahrungen, Methoden und Instrumente. VDI, Düsseldorf, pp 351-368 
Götzfried M (2013) Managing Complexity Induced by Product-Variety in Manufacturing Companies: 
Complexity Evaluation and Integration in Decision-Making. Difo-Druck, Bamberg 
Govil M, Proth J-M (2002) Supply Chain Design and Management: Strategic and Tactical Perspectives. 
Academic Press, San Diego 
Gräßler I (2004) Kundenindividuelle Massenproduktion: Entwicklung, Vorbereitung der Herstellung, 
Veränderungsmanagement. Springer, Berlin 
Greitemeyer J, Meier M, Ulrich T (2008) Kampf den Folgekosten: Prozessorientiertes Lean 
Development. Digital Engineering Magazin.  
http://www.unity.de/fileadmin/files/Fachartikel/080616_FA_JoeGr_MaMe_TU_Kampf_den_
Folgekosten_DE_web.pdf. Accessed 20 May 2015 
Greitemeyer J, Ulrich T (2005) Umfassendes Komplexitätsmanagement – die optimale Komplexitäts-
balance finden und kostengünstig halten. UNITY AG.   
http://unityag.de/fileadmin/files/Fachartikel/Komplexit_tsmanagement_lang_mitLogo.pdf. 
Accessed 20 May 2015 
Greitemeyer J, Ulrich T (2006) Komplexitätsmanagement im Mittelstand. Scope April:8-9 
Grimm R, Schuller M, Wilhelmer R (2014) Portfoliomanagement in Unternehmen: Leitfaden für 
Manager und Investoren. Springer Gabler, Wiesbaden 
Gronau N, Lindemann M (2009) Wandlungsfähigkeit der Produktion – von der Flexibilität zur 
Zukunftsfähigkeit. Industrie Management 25(3):21-25 
Grossmann C (1992) Komplexitätsbewältigung im Management: Anleitungen, integrierte Methodik und 
Anwendungsbeispiele. Verlag GCN, St. Gallen 
Grösser S (2011) Projekte scheitern wegen dynamischer Komplexität: Qualitative Feedbackmodellierung 
zur Komplexitätsbewältigung. Project Management aktuell 5:18-25 
References LXVI 
 
Große Entrup N (2001) Komplexitätsmanagement erfordert Varianten- und Kostentransparenz. In: VDI-
Gesellschaft Entwicklung Konstruktion Vertrieb (ed) Variantenvielfalt in Produkten und Prozessen: 
Erfahrungen, Methoden und Instrumente. VDI, Düsseldorf, pp 11-25 
Große-Heitmeyer V, Wiendahl H-P (2004) Einführung. In: Wiendahl H-P, Gerst D, Keunecke L (eds) 
Variantenbeherrschung in der Montage: Konzept und Praxis der flexiblen Produktionsendstufe. 
Springer, Berlin, pp 3-20 
Größler A, Grübner A, Milling P (2006) Organisational adaption processes to external complexity. 
International Journal of Operations & Production Management 26(3):254-281 
Grote S, Kauffeld S, Frieling E (2006) Einleitung: Vom Wettbewerb zur Kompetenz. In: Grote S, 
Kauffeld S, Frieling E (eds) Kompetenzmanagement – Grundlagen und Praxisbeispiele. Schäffer-
Poeschel, Stuttgart, pp 1-14 
Grotkamp S, Franke J (2007) Produktstrukturierung bei hoher Variantenvielfalt. Industrie Management 
23(6):33-36 
Grübner A (2007) Bewältigung markinduzierter Komplexität in der industriellen Fertigung: Theoretische 
Ansätze und empirische Ergebnisse des International Manufacturing Strategy Survey. Peter Lang, 
Frankfurt am Main. 
Grussenmeyer R, Blecker T (2010) Requirements for the Design of a Complexity Management in New 
Product Development. In: Blecker T (ed) GIC-Prodesc Proceedings of the German-Italian 
Conference on the Interdependencies between New Product Development and Supply Chain 
Management. TuTech Innovation, Hamburg, pp 52-61 
Grussenmeyer R, Blecker T (2013) Requirements for the design of a complexity management method 
in new product development of integral and modular products. International Journal of Engineering, 
Science and Technology 5(2):132-149 
Gullander P, Davidsson A, Dencker K, Fasth A, Fässberg T, Harlin U, Stahre J (2011) Towards 
a Production Complexity Model that Supports Operation, Re-balancing and Man-hour Planning. In: 
Proceedings of the 4th Swedish Production Symposium (SPS). Lund, pp 1-10 
Gumpinger T, Jonas H, Krause D (2009) New Approach for Lightweight Design: From Differential 
Design to Integration of Function. In: Proceedings of the International Conference on Engineering 
Design ICED ‘09, Stanford University, Stanford, USA, pp 201-209 
Gupta A, Wilemon D (1990) Accelerating the development of technology-based new products. California 
Management Review 32(2):24-44 
H 
Haberfellner R, Nagel P, Becker M, Büchel A, Massow H (1999) Systems Engineering: Methodik 
und Praxis. Verlag Industrielle Organisation, Zürich 
Hadamitzky M (1995) Analyse und Erfolgsbeurteilung logistischer Reorganisationen. Gabler, Wiesbaden 
Haf H (2001) Plattformbildung als Strategie zur Kostensenkung. In: VDI-Gesellschaft Entwicklung 
Konstruktion Vertrieb  (ed) Variantenvielfalt in Produkten und Prozessen: Erfahrungen, Methoden 
und Instrumente. VDI, Düsseldorf, pp 121-137 
Halman J, Hofer A, Vuuren W van (2003) Platform-Driven Development of Product Families: Linking 
Theory with Practice. Journal of Product Innovation Management 20:149-162 
LXVII References 
 
Hanenkamp N (2004) Entwicklung des Geschäftsprozesses Komplexitätsmanagement in der kunden- 
individuellen Serienfertigung – Ein Beitrag zum Informationsmanagement in mehrdimensional 
modellierten Produktionssystemen. Shaker, Aachen 
Hanisch B, Wald A (2013) Erfolgreich mit Komplexität in (Beratungs-)Projekten umgehen. In:  
Gleich R, Klein A (ed) Komplexitätscontrolling: Komplexität verstehen und beherrschen. Haufe, 
Freiburg, pp 95-110 
Harlander N, Platz G (1991) Beschaffungsmarketing und Materialwirtschaft, 5th edn. Lexika, Ehningen 
Hasenpusch J, Moos C, Schwellbach U (2004) Komplexität als Aktionsfeld industrieller Unternehmen. 
In: Maier F (ed) Komplexität und Dynamik als Herausforderung für das Management. Deutscher 
Universitäts-Verlag, Wiesbaden, pp 131-154 
Haumann M (2011) Variantenmanagement in der Refabrikation. Shaker, Aachen 
Haumann M, Westermann H-H, Seifert S, Butzer S (2012) Managing complexity – A methodology, 
exemplified by the industrial sector of remanufacturing. In: Björkman M (ed) Proceedings of the 5th 
International Swedish Production Symposium SPS 12. Linköping, Swedish Production Academy,  
pp 107-114 
Hauptmann S (2007) Gestaltung des Outsourcings von Logistikleistungen: Empfehlungen zur Zusammen-
arbeit zwischen verladenden Unternehmen und Logistikdienstleistern. Deutscher Universitäts-
Verlag, Wiesbaden 
Hauschildt J (1977) Entscheidungsziele: Zielbildung in innovativen Entscheidungsprozessen – theoretische 
Ansätze und empirische Prüfung. Mohr Verlag, Tübingen 
Hawking S W (2000) Unified Theory Is Getting Closer: Hawking Predicts’. Mercury News, 23 January, 
29A 
He Q-H, Luo L, Wang J, Li Y-K, Zhao L (2012) Using Analytic Network Process to Analyze 
Influencing Factors of Project Complexity. In: Proceedings of the International Conference on 
Management Science and Engineering (ICMSE). Dallas, United States of America, IEEE, pp 1781-
1786 
Heckmann P (2006) Wie gesund ist Ihre Supply Chain. Logistik Heute 9:46-48 
Heina J (1999) Variantenmanagement: Kosten-Nutzen-Bewertung zur Optimierung der Variantenvielfalt. 
Deutscher Universitäts-Verlag, Wiesbaden 
Helfrich C (2009) Das Prinzip Einfachheit: Reduzieren Sie die Komplexität. Expert, Renningen 
Hellström M, Wikström K (2005) Project business concepts based on modularity – improved 
manoeuvrability through unstable structures. International Journal of Project Management 
23(5):392-397  
Hellwig M, Sypli V (2014) Leit- und Sicherungstechnik mit drahtloser Datenübertragung: Sicherheit im 
drahtlosen Bahnbetrieb, Qualität in der Informationsverarbeitung, Methoden der Qualitäts-
sicherung. Springer Vieweg, Wiesbaden 
Henning K, Borowski E (2014) Managementkybernetik und Umgang mit Unsicherheiten In: Schuh G,  
Stich V (eds) Enterprise-Integration, Springer, Berlin, pp 45-62 
Hering N, Schürmeyer M, Groten M, Schenk M (2012) Kostentreiber im Auftragsabwicklungs-
prozess identifizieren: Optimierungsprojekt weist Wege zu effizienteren Abläufen auf. f+h 10:10-11 
References LXVIII 
 
Herrmann A, Seilheimer C (2002) Variantenmanagement. In: Albers S, Herrmann A (eds) Handbuch 
Produktmanagement: Strategieentwicklung - Produktplanung - Organisation - Kontrolle. Springer, 
Wiesbaden, pp 648-677 
Herrmann C (2010) Ganzheitliches Life Cycle Management: Nachhaltigkeit und Lebenszyklusorientierung 
in Unternehmen. Springer, Heidelberg 
Herrmann C, Reinhart G, Schuh G, Spengler T, Vietor T, Drescher B, Gäde M, Klein T, 
Richter T, Schönemann M, Spiegelberger B, Vogels T (2015) Strategien, Methoden und 
Werkzeuge für die Entwicklung mechatronischer Produkte: Ergebnisse und Synergiepotenziale aus 
den Forschungsprojekten GiBWert, MEPROMA und SynProd. ZWF Zeitschrift für wirt-
schaftlichen Fabrikbetrieb 110(5):251-255 
Herstatt C, Buse S, Napp J (2007) Kooperationen in den frühen Phasen des Innovationsprozess: 
Potentiale für kleine und mittlere Unternehmen. Technical University of Hamburg-Harburg.   
https://tubdok.tub.tuhh.de/bitstream/11420/274/1/Endbericht_Kooperationen_in_den_frhen_I
nnovationsphasen.pdf. Accessed 14 August 2016 
Herzwurm G (2000) Kundenorientierte Softwareproduktentwicklung. Springer, Wiesbaden 
Hesse L, Fetzer H-J, Warnecke G (2002) Plattformkonzepte – Herausforderung an die Unternehmens-
organisation. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 97(10):487-491 
Heydari B, Dalili K (2012) Optimal System’s Complexity: An Architecture Perspective. Procedia 
Computer Science 12:63-68 
Hirzel M (1993) Komplexmanagement in der dynamischen Organisation. In: Hirzel Leder & Partner (eds) 
Synergiemanagement: Komplexität beherrschen - Verbundvorteile erzielen. Gabler Verlag, Wies-
baden, pp 181-193 
Hoek R van (2001) The rediscovery of postponement a literature review and directions for research. 
Journal of Operations Management 19:161-184 
Hofer A (2001) Management von Produktfamilien: Wettbewerbsvorteile durch Plattformen. Springer, 
Wiesbaden 
Hoffmann S (2000) Variantenmanagement aus Betreibersicht: Das Beispiel einer Schienenverkehrsunter-
nehmung. Gabler, Wiesbaden 
Höge R (1995) Organisatorische Segmentierung: Ein Instrument zur Komplexitätshandhabung. Deutscher 
Universitäts-Verlag, Wiesbaden 
Homburg C, Daum D (1997) Wege aus der Komplexitätskostenfalle. ZWF Zeitschrift für wirtschaftlichen 
Fabrikbetrieb 92(7-8):333-337 
Hoole R (2005) Five ways to simplify your supply chain. Supply Chain Management: An International 
Journal 10(1):3-6 
Huang Y-Y, Li S-J (2008) Suitable application situations of different postponement approaches: 
Standardization vs. modularization. Journal of Manufacturing System 27(3):111-122 
Huber S (2014) Informationsintegration in dynamischen Unternehmensnetzwerken: Architektur, Methode 
und Anwendung. Springer Gabler, Wiesbaden 
Hug T, Poscheschnik G (2010) Empirisch Forschen: Über die Planung und Umsetzung von Projekten 
im Studium. UVK Verlagsgesellschaft, Konstanz 
LXIX References 
 
Hungenberg H (2001) Strategisches Management in Unternehmen: Ziele, Prozesse, Verfahren, 2nd edn. 
Gabler, Wiesbaden 
Hünerberg R, Mann A (2009) Komplexität und Ressourceneinsatz als Herausforderungen an die 
Unternehmensführung. In: Hünerberg R, Mann A (eds) Ganzheitliche Unternehmensführung in 
dynamischen Märkten. Gabler, Wiesbaden, pp 1-14 
Hyötyläinen M, Möller K (2007) Service packaging: key to successful provisioning of ICT business 
solutions. Journal of Services Marketing 21(5):304-312 
I 
Imori M, Shimamura K, Anraku K, Inaba S, Nozaki M, Yamagami T, Yoshida T (1990) 
Modular Construction of a Bolloon-Borne Apparatus. In: Proceedings of the IEEE Nuclear Science 
Symposium Conference Record, Arlington, USA, pp 503-507 
Isik F (2010) An Entropy-Based Approach for Measuring Complexity in Supply Chains. International 
Journal of Production Research 48(12):3681-3696 
Isik F (2011) Complexity in Supply Chains: A New Approach to Quantitative Measurement of the Supply-
Chain-Complexity. In: Li P (ed) Supply Chain Management. InTech, Shanghai, pp 417-432 
J 
Jacobs M, Swink M (2011) Product portfolio architectural complexity and operational performance: 
Incorporating the roles  of learning and fixed assets. Journal of Operations Management 29(7-8):677-
691 
Jäger J, Kluth A, Sauer M, Schatz A (2013) Komplexitätsbewirtschaftung: Die neue Management-
disziplin in Produktion und Supply Chain. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 
108(5):341-343 
Jäger J, Kluth A, Schatz A, Bauernhansl T (2014) Complexity patterns in the advanced Complexity 
Management of value networks. Procedia CIRP 17:645-650 
Jagersma P (2008) The hidden cost of doing business. Business Strategy Series 9(5):238-242 
Jain J, Singh R (2014) An Overview on Innovative Advancements in Dairy Sector. International Journal 
of Emerging Trends in Science and Technology 1(5):788-790 
Jania T (2004) Änderungsmanagement auf Basis eines integrierten Prozess- und Produktdatenmodells mit 
dem Ziel einer durchgängigen Komplexitätsbewertung. Dissertation, University of Paderborn 
Jasti N, Kodali R (2014) A literature review of empirical research methodology in lean manufacturing. 
International Journal of Operations & Production Management 34(8):1080-1122 
Jensen T C, Bekdik B, Thuesen C (2014) Understanding Complex Construction Systems Through 
Modularity. In: Brunoe T D, Nielsen K, Joergensen K A, Taps S B (eds) Proceedings of the 7th 
World Conference on Mass Customization, Personalization, and Co-Creation (MCPC 2014): Twenty 
Years of Mass Customization – Towards New Frontiers. Springer, Cham, pp 541-556 
Jeschke A (1997) Beitrag zur wirtschaftlichen Bewertung von Standardisierungs-Maßnahmen in der 




Jina J, Bhattacharya A, Walton A (1997) Applying lean principles for high product variety and low 
volumes: some issues and propositions. Logistics Information Management 10(1):5-13 
Joergensen S, Schou C, Madsen O (2014) Developing Modular Manufacturing Architectures – An 
Industrial Case Report. In: Zaeh M (ed) Enabling Manufacturing Competitiveness and Economic 
Sustainability: Proceedings of the 5th International Conference on Changeable, Agile, Reconfigurable 
and Virtual Production (CARV 2013) in Munich October 6–9. Springer, Cham, pp 55-60 
Junge M (2003) Modularisierung in der Automobilindustrie: Neu Trends erfordern neue Methoden. In: 
Junge K, Mildenberger U, Wittmann J (eds) Perspektiven und Facetten der Produktionswirtschaft: 
Schwerpunkte der Mainzer Forschung. Deutscher Universitäts-Verlag, Wiesbaden, pp 89-104 
K 
Kairies P (2006) Professionelles Produkt Management für die Investitionsgüterindustrie, 7th edn. Expert, 
Renningen 
Kaiser A (1995) Integriertes Variantenmanagement mit Hilfe der Prozesskostenrechnung. Rosch-Buch, 
Hallstadt 
Kaluza B, Bliem H, Winkler H (2006) Strategies and Metrics for Complexity Management in Supply 
Chains. In: Blecker T, Kersten W (eds) Complexity Management in Supply Chains: Concepts, Tools 
and Methods. Erich Schmidt, Berlin, pp 3-19 
Kampker A, Maue A, Deutskens C, Förstmann R (2014) Standardization and Innovation: Dissolving 
the Contradiction with Modular Production Architectures. In: Proceedings of the 4th International 
Electric Drivers Production Conference (EDPC). Nuremberg, Germany, IEEE, pp 1-6 
Katzke U, Fischer K, Vogel-Heuser B (2003) Entwicklung und Evaluation eines Modells für modulare 
Automatisierung im Anlagenbau. In: Holleczek P, Vogel-Heuser B (eds) Verteilte Echtzeitsysteme. 
Springer, Berlin, pp 69-77 
Keil M (2010) Die Reduktion von Komplexität: Hilfestellung für den Management-Alltag. Handbuch der 
Aus- und Weiterbildung 208:August, pp 1-18 
Kersten W (2011) Je komplexer, desto teurer und risikoreicher. io management, September/October,  
pp 14-19 
Kersten W, Hülle J, Möller K, Lammers T (2009) Kostenorientierte Analyse der Modularisierung. 
ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 104(12):1136-1141 
Kersten W, Koppenhagen F, Meyer C (2004) Strategisches Komplexitätsmanagement durch 
Modularisierung in der Produktentwicklung. In: Spath D (ed) Forschungs- und Technologie-
management: Potenziale nutzen – Zukunft gestalten. Carl Hanser, München, pp 211-218 
Kersten W, Lammers T, Skirde H (2012) Komplexitätsanalyse von Distributionssystemen. Technical 
University of Hamburg-Harburg.    
https://www.bvl.de/files/441/481/Sachbericht_16164.pdf. Accessed 04 January 2017 
Kersten W, Möller K, Sedlmeier L, Skirde H (2012) Analyzing the Cost Effects of Modularity – 
Requirements for the Development of a Methodology. In: Kersten W, Blecker T, Ringle M (eds) 
Managing the Future Supply Chain: Current Concepts and Solutions for Reliability and Robustness. 
Josef Eul, Lohmar, pp 153-165 
LXXI References 
 
Kersten W, Rall K, Meyer C, Dalhöfer J (2006) Complexity Management in Logistics and ETO-
Supply Chains. In: Blecker Th, Kersten W (eds) Complexity Management in Supply Chains: 
Concepts, Tools and Methods. Erich Schmidt, Berlin, pp 325-342 
Kesper H (2012) Gestaltung von Produktvariantenspektren mittels matrixbasierter Methoden. Disserta-
tion, Technische Universität München 
Kestel R (1995) Variantenvielfalt und Logistiksysteme: Ursachen – Auswirkungen – Lösungen. Gabler, 
Wiesbaden 
Keuper F (2004) Kybernetische Simultaneitätsstrategie: Systemtheoretisch-kybernetische Navigation im 
Effektivitäts-Effizienz-Dilemma. Logos, Berlin 
Keuper F (2014) Strategische Komplexitätssteuerung als Herausforderung für den CEO - eine system-
theoretisch-kybernetische Herangehensweise. In: Keuper F, Sauter R (eds) Unternehmenssteuerung 
in der produzierenden Industrie: Konzepte und Best Practices. Springer, Wiesbaden, pp 25-65 
Kieser A, Kubicek H (1983) Organisation, 2nd edn. De Gruyter, Berlin 
Kieviet A (2014) Implications of Additive Manufacturing on Complexity: Management within Supply 
Chains in a Production. Dissertation, University of Louisville 
Kim J, Wilemon D (2003) Sources and assessment of Complexity in NPD projects. R&D Management 
33(1):15-30 
Kim J, Wilemon D (2009) An empirical investigation of complexity and its management in new product 
development. Technology Analysis & Strategic Management 21(4):547-564 
Kim J, Wilemon D (2012) Complexity and the multiple impacts of new product development: Results 
from a field study. International Journal of Innovation and Technology Management 9(6):25 
Kippels D (1996) Entwicklung, Produktion und Verwaltung wachsen zusammen: Die Fabrik von morgen 
wird zum Innovationszentrum. VDI Nachrichten 9:3 
Kirchhof R (2003) Ganzheitliches Komplexitätsmanagement – Grundlagen und Methodik des Umgangs 
mit Komplexität im Unternehmen. Deutscher Universitäts-Verlag, Wiesbaden 
Kirsch J (2009) Organisation der Bauproduktion nach dem Vorbild industrieller Produktionssysteme: 
Entwicklung eines Gestaltungsmodells eines Ganzheitlichen Produktionssystems für den Bauunter-
nehmer. Universitätsverlag, Karlsruhe 
Klabunde S (2003) Wissensmanagement in der integrierten Produkt- und Prozessgestaltung: Best-
Practice-Modelle zum Management von Meta-Wissen. Deutscher Universitäts-Verlag, Wiesbaden 
Klagge C, Blank J (2012) Komplexität als Chance nutzen. Wassermann AG  
http://www.wassermann.de/fileadmin/user_upload/deutsch/dokumente/pdf/WAG_Broschueren/
White_Paper_2012_Komplexitaetsmanagement.pdf. Accessed 20 May 2015 
Klauke A, Schreiber W, Weißner R (2005) Neue Produktstrukturen erfordern angepasste 
Fabrikstrukturen. In: Wiendahl H-P, Nofen D, Klußmann J, Breitenbach F (eds) Planung modularer 
Fabriken: Vorgehen und Beispiele aus der Praxis. Hanser, München, pp 244-256 
Klaus P (2004) Die Frage der optimalen Komplexität in Supply-Chains und Supply Netzwerken. In:  




Kleijnen J P C (2009) Factor Screening in Simulation Experiments: Review of Sequential Bifurcation. 
In: Alexopoulos C, Goldsman D, Wilson JR (eds.) Advancing the Frontiers of Simulation: A 
Festschrift in Honor of George Samuel Fishman. Springer, Dordrecht, pp 153-168 
Klein C (2013) Raus aus dem IT-Dickicht. Automobil Produktion Oktober 2013:80-81 
Klepsch B (2004) Komplementäre Produkt- und Fabrikmodularisierung am Beispiel der Automobil-
industrie. VDI, Düsseldorf 
Klinkner R, Mayer A, Thom A (2005) Modulare Logistik: Ein Lösungskonzept zum Management von 
Komplexität in dynamischen Netzwerken. Industrie Management 21(5):33-36 
Klinkner R, Risse J (2002) Time-to-Market-Management im Maschinenbau. Industrie Management 
18(5):23-26 
Klug F (2010) Logistikmanagement in der Automobilindustrie: Grundlagen der Logistik im Automobilbau. 
Springer, Heidelberg 
Kluth A, Jäger J, Schatz A, Bauernhansl T (2014a) Evaluation of Complexity Management Systems 
– Systematical and Maturity-Based Approach. Procedia CIRP 17:224-229 
Kluth A, Jäger J, Schatz A, Bauernhansl T (2014b) Method for a Systematic Evaluation of advanced 
Complexity Management Maturity. Procedia CIRP 19:69-74 
Koch D (2012) Wissensmanagement und der Umgang mit Komplexität. In: Fabig C, Haasper A (eds) 
Complexigence: Komplexität verstehen und aktiv managen. Books on Demand, Norderstedt,  
pp 40-61 
Koch M, Renner N (2014) Gestaltung innovativer Baukasten- und Wertschöpfungssysteme: GiBWert – 
Wirtschaftliche Bewertung. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 109(12):952-955 
Kohagen J (2007) Auslastung behindert Kanbanprozess. DVZ Deutsche Verkehrs-Zeitung, 25 October,  
p 25 
Kolbusa M (2013a) Implementation Management: High-Speed Strategy Implementation. Springer, 
Heidelberg 
Kolbusa M (2013b) Umsetzungsmanagement: Wieso aus guten Strategien und Veränderungen häufig 
nichts wird. Springer Gabler, Wiesbaden 
Komorek C (1998) Integrierte Produktentwicklung: Der Entwicklungsprozess in mittelständischen Unter-
nehmen der metallverarbeitenden Serienfertigung. Steuer- und Wirtschaftsverlag, Berlin 
Königsreuther P (2015) Mit dem Faserverbund-Event des Jahres in die Adventszeit. MM Maschinen-
markt 47:32-33 
Koppenhagen F (2014) Modulare Produktarchitekturen – Komplexitätsmanagement in der frühen Phase 
der Produktentwicklung. In: Schoeneberg K-P (ed) Komplexitätsmanagement in Unternehmen: 
Herausforderungen im Umgang mit Dynamik, Unsicherheit und Komplexität meistern. Springer 
Gabler, Wiesbaden, pp 113-164 
Koppik R, Meier M (2009) F&E-Produktivitätssteigerung – mit Entwicklungsmanagement aus der Krise. 
ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 104(12):1172-1175 
Korreck A (2002) Methodik zur markt- und kostenorientierten Variantenplanung. Shaker, Aachen 
Köster O (1998) Komplexitätsmanagement in der Industrie – Kundennähe und Effizienz in der Leistungs-
erstellung. Deutscher Universitäts-Verlag, Wiesbaden 
LXXIII References 
 
Krah E (2014) Komplexitätsmanagement.    
http://ekrah.com/wiki/Komplexit%C3%A4tsmanagement. Accessed 15 October 
Krause F-L, Franke H-J, Gausemeier J (2007) Innovationspotenziale in der Produktentwicklung. Carl 
Hanser, München 
Krieg U (2015) Regeln für schlanke Prozesse: Fünf Erfolgsfaktoren für ein Lean Supply Chain 
Management. ZulieferMarkt Oktober 2015:90-91 
Krishnan V, Ulrich K T (2001) Product Development Decisions: A Review of the Literature. 
Management Science 47(1):1-21 
Krizanits J (2015) Der Tanz mit der Komplexität: Tools für Teams. ZOE Zeitschrift für Organisations-
Entwicklung (4):42-49 
Kroker J, Brüggemann C, Eilert U, Koschorrek R (2005) Zukünftige Ansätze für modulare 
Karosseriestrukturen. In: Gesamtzentrum für Verkehr Braunschweig e.V. (ed) Proceedings of the 
2nd Symposium Fascination of Autobody in Braunschweig January 25. Gesamtzentrum für Verkehr 
Braunschweig e.V., Braunschweig, pp 75-90 
Kromrey H (2009) Empirische Sozialforschung: Modelle und Methoden der standardisierten Daten-
erhebung und Datenauswertung, 12th edn. Lucius & Lucius, Stuttgart 
Krüger W, Homp C (1997) Kernkompetenz-Management: Steigerung von Flexibilität und Schlagkraft 
im Wettbewerb. Gabler, Wiesbaden 
Krumm S, Schopf K (2005) Komplexität beherrschen. In: VDI (Ed.) Logistik-Navigator für komplexe 
Netzwerke?: Proceedings of the 6th Annual Conference on Automotive Logistics. VDI, Leipzig, pp 
230-235 
Krumm S, Schopf K, Rennekamp M (2014) Komplexitätsmanagement in der Automobilindustrie – 
optimaler Fit von Vielfalt am Markt, Produktstruktur, Wertstrom und Ressourcen. In: Ebel B, Hofer 
M (eds) Automotive Management: Strategie und Marketing in der Automobilwirtschaft, 2nd edn. 
Springer, Berlin, pp 189-205 
Kruse M, Ripperda S, Krause D (2015) Platform Concept Development within the Integrated PKT-
Approach. In: Proceedings of the 20th International Conference on Engineering Design ICED15. 
Milano, Italy, pp 1-10 
Kuckartz U (2012) Qualitative Inhaltsanalyse: Methoden, Praxis, Computerunterstützung. Beltz Juventa, 
Weinheim 
Kühl S (1995) Vom Mythos der flachen Organisation: Warum Reengineering und Enthierarchisierung in 
Unternehmen scheitern. F.A.Z. - Blick durch die Wirtschaft, 28 March, p 7 
L 
Lammers T (2012) Komplexitätsmanagement für Distributionssysteme: Konzeption eines strategischen 
Ansatzes zur Komplexitätsbewertung und Ableitung von Gestaltungsempfehlungen. Josef Eul, 
Lohmar 
Langlois R (2002) Modularity in technology and organization. Journal of Economic Behavior & 
Organization 49:19-37 
Lanza G, Peters S, Arndt T, Häfner B, Stricker N (2014) Die Produktion im Jahr 2025: Ein 
Zukunftsbild. Industrie Management 30(6):64-66 
References LXXIV 
 
Laqua I (2008) Shop-floor IT – Wer sie braucht und was sie leistet!. PPS Management 13(1):27-30 
Lasch R (2014) Strategisches und operatives Logistikmanagement: Prozesse. Springer Gabler, Wiesbaden 
Lasch R, Gießmann M (2009a) Ganzheitliche Ansätze zum Komplexitätsmanagement – eine kritische 
Würdigung aus Sicht der Beschaffungslogistik. In: Bogaschewsky R, Eßig M, Lasch R, Stölzle W 
(eds) Supply Management Research: Aktuelle Forschungsergebnisse 2008. Gabler, Wiesbaden, pp 
194-231 
Lasch R, Gießmann M (2009b) Qualitäts- und Komplexitätsmanagement – Parallelitäten und 
Interaktionen zweier Managementdisziplinen. In: Hünerberg R, Mann A (eds) Ganzheitliche 
Unternehmensführung in dynamischen Märkten. Gabler, Wiesbaden, pp 93-124 
Lebedynska Y (2011) Entwicklung eines Informationssystems mit Reifegradmanagement für automati-
sierte Schraubprozesse. Dissertation, Brandenburg University of Technology, Cottbus - Senftenberg 
Leeuw S de, Grotenhuis R, Goor R van (2013) Assessing complexity of supply chains: evidence from 
wholesalers. International Journal of Operations & Production Management 33(8):960-980 
Lenders M (2009) Beschleunigung der Produktentwicklung durch Lösungsraum-Management. Apprimus, 
Aachen 
Ley W, Hofer A (1999) Produktplattformen: Ein strategischer Ansatz zur Beherrschung der Varianten-
vielfalt. io Management 68(7/8):56-60 
Li Y, Li L, Liu Y, Wang L (2005) Linking management control system with product development and 
process decisions to cope with environment complexity. International Journal of Production Research 
43(12):2577-2591 
Lindemann U (2009) Methodische Entwicklung technischer Produkte: Methoden flexibel und situations-
gerecht anwenden, 2nd edn. Springer, Berlin 
Lindemann U, Baumberger G (2006) Individualisierte Produkte. In: Lindemann U, Reichwald R,  
Zäh M (eds) Individualisierte Produkte – Komplexität beherrschen in Entwicklung und Produktion. 
Springer, Berlin, pp 7-16 
Lindemann M, Gronau N (2009) Gestaltung marktorientierter Produktionssysteme. In: Specht D (ed) 
Weiterentwicklung der Produktion: Tagungsband der Herbsttagung 2008 der Wissenschaftlichen 
Kommission Produktionswirtschaft im VHG. Gabler, Wiesbaden, pp 43-60 
Lindemann U, Maurer M (2006) Entwicklung und Strukturplanung individualisierter Produkte. In: 
Lindemann U, Reichwald R, Zäh M (eds) Individualisierte Produkte – Komplexität beherrschen in 
Entwicklung und Produktion. Springer, Berlin, pp 41-62 
Lindemann U, Maurer M, Braun T (2009) Structural Complexity Management: An Approach for the 
Field of Product Design. Springer, Berlin 
Lingnau V (1994) Variantenmanagement: Produktionsplanung im Rahmen einer Produktdifferenzierungs-
strategie. Erich Schmidt, Berlin 
Link P (2014) Agile Methoden im Produkt-Lifecycle-Prozess – Mit agilen Methoden die Komplexität im 
Innovationsprozess handhaben. In: Schoeneberg K-P (ed) Komplexitätsmanagement in Unter-
nehmen: Herausforderungen im Umgang mit Dynamik, Unsicherheit und Komplexität meistern. 
Springer Gabler, Wiesbaden, pp 65-92 
Lübke E (2007) Lebenszyklusorientiertes Produktstrukturmanagement: Eine theoretische und empirische 
Untersuchung. Transfer-Centrum, München 
LXXV References 
 
Lucae S, Rebentisch E, Oehmen J (2014) Understanding the Front-end of Large-Scale Engineering 
Programs. Procedia Computer Science 28:653-662 
Luger T, Herrmann C, Steinborn J, Walther G, Spengler T (2008) Wertschöpfung durch Mehr-
fachnutzung: Potenziale, Herausforderungen, Lösungen. ZWF Zeitschrift für wirtschaftlichen 
Fabrikbetrieb 103(9):602-606 
Luhmann N (1980) Komplexität. In: Grochla E (ed) Enzyklopädie der Betriebswirtschaftslehre: Hand-
wörterbuch der Organisation. Poeschel, Stuttgart, pp 1064-1070 
M 
Madu C N (1998) An empirical assessment of quality: research considerations. International Journal of 
Quality Science 3(4):348-355 
Maguire S, Allen P, McKelvey B (2011) Complexity and Managemetn: Introducing the SAGE 
Handbook. In: Allen P, Maguire S, McKelvey B (eds) The SAGE Handbook of Complexity and 
Management. SAGE, Los Angeles, pp 1-26 
Mahmood W, Rosdi M, Muhamad M (2014) Formulating the Strategy in Managing Manufacturing 
Complexity: A Pre-Review. Science International (Lahore) 26(5):1849-1853 
Mahoney R M (1997) Integrating Manufacturing Test Strategy with Manufacturing Production Strategy. 
In: Proceedings of the IEEE Systems Readiness Technology Conference Autotestcon ‘97. IEEE, 
Anaheim, California, USA, pp 394-397 
Malik F (2002) Strategie des Managements komplexer Systeme: Ein Beitrag zur Management-Kybernetik 
evolutionärer Systeme, 7th edn. Haupt, Bern 
Mansour M (2006) Informations- und Wissensbereitstellung für die lebenszyklusorientierte Produkt-
entwicklung. Vulkan, Essen 
Manuj I, Sahin F (2011) A model of supply chain and supply chain decision-making complexity. 
International Journal of Physical Distribution & Logistics Management 41(5):511-549 
Marshall R (1998) Design Modularisation: A Systems Engineering Based Methodology for Enhanced 
Product Realisation. Dissertation, Loughborough University. 
Marshall R, Leaney P (1999) A systems engineering approach to product modularity. Proceedings of 
the Institution of Mechanical Engineers, Part B: Journal of Engineering Manufacture 213(8):847-
851 
Martensson P, Zenkert D, Akermo M (2015) Effects on manufacturing constraints on the cost and 
weight efficiency of integral and differential automotive composite structures. Composite Structures 
134:572-578 
Marti M (2007) Complexity Management: Optimizing Product Architecture of Industrial Products. 
Deutscher Universitäts-Verlag, Wiesbaden 
Maschinenmarkt (2006) Komplexität beherrschen.    
http://www.maschinenmarkt.vogel.de/themenkanaele/managementundit/einkauf/articles/16433/. 
Accessed 15 October 2014 
Mattila M (2014) Managing Increasing Technological Complexity: Delivering Large System Products. In: 
Slepniov D, Waehrens B, Johansen J (eds) Global Operations Networks: Exploring New Perspectives 
and Agendas. Aalborg University Press, Aalborg, pp 143-162 
References LXXVI 
 
Mattsson S, Karlsson M, Fast-Berglund A, Hansson I (2014) Managing production complexity by 
empowering workers: six cases. Procedia CIRP 17:212-217 
Maturity (2015) IT-Komplexität 2015. Maturity GmbH.   
http://www.maturity.com/files/maturity/content/news/pdf/Maturity-Umfrage_IT-Komplexitaet-
2015.pdf. Accessed 04 January 2017 
Maune G (2001) Möglichkeiten des Komplexitätsmanagements für Automobilhersteller auf Basis IT-
gestützter durchgängiger Systeme. Dissertation, University of Paderborn 
Mayer A (2007) Modularisierung der Logistik: Ein Gestaltungsmodell zum Management von Komplexität 
in der industriellen Logistik. Universitätsverlag der Technischen Universität Berlin, Berlin 
Mayer B (2014) Queen observiert JLRs Antrieb(e). Automobil Produktion Dezember 2014:26-27 
Mayer B, Volk F (2013) 1800 Maßnahmen mit Einsparpotenzial. Automobil Produktion Juli 2013:16-18 
Mayer H (2013) Interview und schriftliche Befragung: Grundlagen und Methoden empirischer Sozial-
forschung, 6th edn. Oldenbourg Wissenschaftsverlag, München 
Maylor H, Vidgen R, Carver S (2008) Managerial Complexity in Project-Based Operations: A 
Grounded Model and Its Implications for Practice. Project Management Journal 39:15-26 
Meffert H (1992) Marketingforschung und Käuferverhalten, 2nd edn. Gabler, Wiesbaden 
Meffert H, Burmann C, Kirchgeorg M (2012) Marketing: Grundlangen marktorientierter Unter-
nehmensführung. Gabler, Wiesbaden 
Meier B, Bojarski S (2013) Ganzheitliches Modell zur Bewältigung vielfaltsinduzierter Komplexität. 
ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 108(7-8):547-551 
Meier H, Hanenkamp N, Bäcker M. (2003) Integriertes Komplexitätsmanagement mit digitalisierten 
Produktionsmodellen. Industrie Management 19(1):9-12 
Meier H, Hanenkamp N (2004) Komplexitätsmanagement in der Supply Chain. In: Busch A, 
Dangelmaier W (eds) Integriertes Supply Chain Management: Theorie und Praxis effektiver unter-
nehmensübergreifender Geschäftsprozesse, 2nd edn. Gabler, Wiesbaden, pp 111-130 
Meijer B (1998) To manage or not to manage complexity. In: IEMC ‘98 Proceedings of the International 
Conference on  Engineering and Technology Management: Pioneering New Technologies: Manage-
ment Issues and Challenges in the Third Millennium. San Juan, Puerto Rico, USA, pp 279-284 
Meijer B (2006) Organization structures for dealing with complexity. Dissertation, Technical University 
of Delft, Delft 
Meredith J (1993) Theory Building through Conceptual Methods. International Journal of Operations & 
Production Management 13(5):3-11 
Meyer C M (2007) Integration des Komplexitätsmanagements in den strategischen Führungsprozess der 
Logistik. Haupt, Bern 
Meyer J, Brunner A (2007) Einflüsse analysieren. Logistik Heute 29(9):32-33 
Meyer M, Walber B, Schmidt C (2006) Produktionsplanung und –steuerung (PPS) in temporären 
Produktionsnetzwerken des Maschinen- und Anlagenbaus. In: Schuh G (ed) Produktionsplanung 
und –steuerung: Grundlagen, Gestaltung und Konzepte, 3rd edn. Springer, Berlin, pp 511-541 
LXXVII References 
 
Minhas S, Lehmann C, Berger U (2011) Concept and Development of Intelligent Production Control 
to enable Versatile Production in the Automotive Factories of the Future. In: Hesselbach J, 
Herrmann C (eds) Glocalized Solutions for Sustainability in Manufacturing: Proceedings of the 18th 
CIRP International Conference on Life Cycle Engineering. Springer, Berlin, pp 57-62 
Miragliotta G, Perona M, Portioli-Staudacher A (2002) Complexity Management in the Supply 
Chain: Theoretical Model and Empirical Investigation in the Italian Household Appliance Industry. 
In: Seuring S (ed) Cost Management in Supply Chains. Springer, Berlin, pp 381-397 
Mogilner C, Rudnick T, Iyengar S (2008) The Mere Categorization Effect: How the Presence of 
Categories Increases Choosers’ Perceptions of Assortment Variety and Outcome Satisfaction. Journal 
of Consumer Research 35(2):202–215 
Mohr J, Sengupta S, Slater S (2010) Marketing of high-technology products and innovations. Pearson, 
Upper Saddle River 
Moisdon J-C, Weil B (1996) Current problems relating to design, coordination and know-how. In: 
International research workshop COST. Lyon, A3-A4 
Möller K, Hülle J, Kahle S (2011) Kennzahlencockpits zur Steuerung und zum Monitoring der 
Standardisierung. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 106(10):741-745 
Montoya-Weiss M, Calantone R (1994) Determinants of new product performance: a review and meta-
analysis. Journal of Product Innovation Management 11(5):397-417 
Moody D (2002) Empirical Research Methods.    
http://folk.uio.no/patrickr/refdoc/methods.pdf. Accessed 11 August 2015 
Moos C (2009) Komplexität, Flexibilität und Erfolg als Herausforderungen marktorientierter Fertigungs-
strategien. In: Strohhecker J, Größler A (ed) Strategisches und operatives Produktionsmanagement. 
Gabler, Wiesbaden, pp 47-69 
Muffatto M (1999) Introducing a platform strategy in product development. International Journal of 
Production Economics 60-61:145-153 
Mühlenbruch H (2004) Technologie. In: Wiendahl H-P, Gerst D, Keunecke L (eds) Varianten-
beherrschung in der Montage: Konzept und Praxis der flexiblen Produktionsendstufe. Springer, 
Berlin, pp 43-65 
Müller M (2005) Die Koordination von Supply Chains – eine transaktionskostentheoretische 
Untersuchung. Schmalenbachs Zeitschrift für betriebswirtschaftliche Forschung ZfbF 57:717-739 
Müller-Stewens G, Lechner C (2003) Strategisches Management: Wie strategische Initiativen zum 
Wandel führen, 2nd edn. Schäffer-Poeschel, Stuttgart 
Murmann P (1994) Expected Development Time Reductions in the German Mechanical Engineering 
Industry. Journal of Production Innovation Management 11:236-252 
N 
Nagarur N, Azeem A (1999) Impact of commonality and flexibility on manufacturing performance: A 
simulation study. International Journal of Production Economics 60-61:125-134 
References LXXVIII 
 
Nagengast L, Heidemann C, Rudolph T (2013) Der kombinierte Einsatz von Sortimentsreduktion 
und Regalkategorisierung zur Sortimentsoptimierung – Eine empirische Untersuchung aus 
Konsumenten- und Händlersicht. Schmalenbachs Zeitschrift für betriebswirtschaftliche Forschung 
ZfbF 65(8):666-687 
Neff T, Junge M, Virt W, Hertel G, Bellmann K (2001) An Approach for Evaluation of Modular 
Vehicle Concepts in the area of conflict between Standardization and Differentiation. In: VDI-
Gesellschaft Entwicklung Konstruktion Vertrieb (ed) Variantenvielfalt in Produkten und Prozessen: 
Erfahrungen, Methoden und Instrumente. VDI, Düsseldorf, pp 27-52 
Newman J (2009) Complexity Reduction: Managing the complexity of global product development to 
enable component reuse. Lund University.    
http://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=1482388&fileOId=1482389. 
Accessed 11 August 2015 
Novak S, Eppinger S (2001) Sourcing By Design: Product Complexity and the Supply Chain. 
Management Science 47(1):189-204 
Nurcahya E (2009) Ein Produktdatenmodell für rechnerunterstütztes Variantenmanagement. Shaker, 
Aachen 
O 
Olbrich R, Battenfeld D (2000) Komplexitätsmanagement aus Sicht des Marketings und der Kosten-
rechnung. Hagen University.    
https://www.fernuni-hagen.de/marketing/download/forschungsberichte/fb03_web.pdf.  
Accessed 20 May 2015 
Ophey L (2005) Entwicklungsmanagement: Methoden in der Produktentwicklung. Springer, Berlin 
Ortner W, Hanusch S, Schweiger J (2011) Management of Requirements in CollaborationsMRC – Das 
Projekt. In: Ortner W, Hanusch S, Tschandl M (eds) Abnehmer-Lieferanten-Beziehungen 
optimieren: Management of Requirements in Collaborations. Leykam, Graz, pp 1-10 
Oxford Dictionaries (2014) complex.  
http://www.oxforddictionaries.com/definition/english/complex. Accessed 13 November 2014 
Oxford Learner’s Dictionaries (2016a) dimension.    
http://www.oxfordlearnersdictionaries.com/definition/english/dimension?q=dimension.  
Accessed 1 July 2016 
Oxford Learner’s Dictionaries (2016b) factor.    
http://www.oxfordlearnersdictionaries.com/definition/english/factor_1?q=factor.  
Accessed 1 July 2016 
Oxford Learner’s Dictionaries (2016c) force.    
http://www.oxfordlearnersdictionaries.com/definition/english/force_1#force_1__4.  
Accessed 1 July 2016 
Oxford Learner’s Dictionaries (2016d) indicator.     
http://www.oxfordlearnersdictionaries.com/definition/english/indicator?q=indicator.  
Accessed 1 July 2016 
LXXIX References 
 
Oxford Learner’s Dictionaries (2016e) parameter.     
http://www.oxfordlearnersdictionaries.com/definition/english/parameter?q=parameter.  
Accessed 1 July 2016 
Oxford Learner’s Dictionaries (2016f) phenomenon.     
http://www.oxfordlearnersdictionaries.com/definition/english/phenomenon?q=phenomenon. 
Accessed 1 July 2016 
Oxford Learner’s Dictionaries (2016g) property.    
http://www.oxfordlearnersdictionaries.com/definition/english/property#property__4.  
Accessed 1 July 2016 
Oxford Learner’s Dictionaries (2016h) source.    
http://www.oxfordlearnersdictionaries.com/definition/english/source_1?q=source.  
Accessed 1 July 2016 
Oxford Learner’s Dictionaries (2016i) symptom.     
http://www.oxfordlearnersdictionaries.com/definition/english/symptom?q=symptom.  
Accessed 1 July 2016 
Oxford Learner’s Dictionaries (2016j) variable.    
http://www.oxfordlearnersdictionaries.com/definition/english/variable_1?q=variable.  
Accessed 1 July 2016 
Oxford Living Dictionaries (2017a) Approach.    
https://en.oxforddictionaries.com/definition/approach. Accessed 26 November 2017 
Oxford Living Dictionaries (2017b) Strategy.   
https://en.oxforddictionaries.com/definition/strategy. Accessed 26 November 2017 
Oyama K, Learmonth G, Chao R (2015) Applying complexity science to new product development: 
Modeling considerations, extensions, and implications. Journal of Engineering and Technology 
Management 35:1-24 
P 
Palmisano S (2010) Capitalizing on Complexity: Insights from the Global Chief Executive Officer Study. 
The IBM Corporation.    
http://www-01.ibm.com/common/ssi/cgi-bin/ssialias?htmlfid=GBE03297USEN&appname= 
wwwsearch. Accessed 21 December 2016 
Parry G, Purchase V, Mills J (2011) Complexity Management. In: Ng I, Parry G, Wild P, McFarlane 
D, Tasker P (eds) Complex Engineering Service Systems: Concepts and Research. Springer, London, 
pp 67-86 
Patzak G (1982) Systemtechnik - Planung komplexer innovativer Systeme: Grundlagen, Methoden, 
Techniken. Springer, Berlin 
Payne G, Payne J (2004) Key Concepts in Social Research. SAGE, London 
Pels H, Wortmann J, Zwegers A (1997) Flexibility in manufacturing: An architectural point of view. 
Computers in Industry 33(2-3):271-283 
Pepels W (2003) Produktmanagement: Produktinnovation, Markenpolitik, Programmplanung, Prozess-
organisation. Oldenbourg Wissenschaftsverlag, München 
References LXXX 
 
Pero M, Abdelkafi N, Sianesi A, Blecker T (2010) A framework for the alignment of new product 
development and supply chains. Supply Chain Management: An International Journal 15(2):115-128 
Perona M, Miragliotta G (2004) Complexity management and supply chain performance assessment: A 
field study and a conceptual framework. International Journal of Production Economics 90:103-115 
Peters N, Hofstetter J (2008) Konzepte und Erfolgsfaktoren für Anlaufstrategien in Netzwerken der 
Automobilindustrie. In: Schuh G, Stölzle W, Straube F (eds) Anlaufmanagement in der Automobil-
industrie erfolgreich umsetzen: Ein Leitfaden für die Praxis. Springer, Wiesbaden, pp 9-30 
Pfeifer W et al. (1989) Etymologisches Wörterbuch des Deutschen. Akademie-Verlag, Berlin 
Picot A, Baumann O (2007) Modularität in der verteilten Entwicklung komplexer Systeme: Chancen, 
Grenzen, Implikationen. Journal für Betriebswirtschaft 27(3-4):221-246 
Picot A, Freudenberg H (1998) Neue organisatorische Ansätze zum Umgang mit Komplexität. In: Adam 
D (ed) Komplexitätsmanagement. Gabler, Wiesbaden, pp 69-86 
Piller F (1998) Kundenindividuelle Massenproduktion: Die Wettbewerbsstrategie der Zukunft. Carl 
Hanser, München 
Piller F (2001) Mass Customization: Ein wettbewerbsstrategisches Konzept im Informationszeitalter, 2nd 
edn. Deutscher  Universitäts-Verlag, Wiesbaden 
Piller F (2006) Mass Customization: Ein wettbewerbsstrategisches Konzept im Informationszeitalter, 4th 
edn. Deutscher Universitäts-Verlag, Wiesbaden 
Piller F, Waringer D (1999) Modularisierung in der Automobilindustrie – neue Formen und Prinzipien: 
Modular Sourcing, Plattformkonzept und Fertigungssegmentierung als Mittel des Komplexitäts-
managements. Shaker, Aachen 
Ploom T, Glaser A, Scheit S (2013) Platform based Approach for Automation of Workflows in a System 
of Systems. In: Proceedings of the 7th IEEE International Symposium on the Maintenance and 
Evolution of Service-Oriented and Cloud-Based Systems (MESOCA). Eindhoven, The Netherlands, 
IEEE, pp 12-21 
Ponn J, Lindemann U (2008) Konzeptentwicklung und Gestaltung technischer Produkte: Optimierte 
Produkte – systematisch von Anforderungen zu Konzepten. Springer, Berlin 
Prillmann M (1996) Management der Variantenvielfalt: Ein Beitrag zur handlungsorientierten Erfolgs-
faktorenforschung im Rahmen einer empirischen Studie in der Elektroindustrie. Peter Lang, 
Frankfurt am Main 
Prodoehl H G (2014) Synaptisches Management: Strategische Unternehmensführung im 21. Jahrhundert. 
Springer, Wiesbaden 
Proff H, Proff H (2013) Dynamisches Automobilmanagement: Strategien für international tätige 
Automobilunternehmen im Übergang in die Elektromobilität. Springer, Wiesbaden 
Puhl H (1999) Komplexitätsmanagement: Ein Konzept zur ganzheitlichen Erfassung, Planung und 
Regelung der Komplexität in Unternehmensprozessen. Foto-Repro-Druck, Kaiserslautern 
Purle E (2004) Management von Komplexität in jungen Wachstumsunternehmen: Eine fallstudien-





Raab A, Poost A, Eichhorn S (2009) Marketingforschung: Ein praxisorientierter Leitfaden, 
Kohlhammer, Stuttgart 
Rafele C, Cagliano A (2008) A tool for managing complexity in logistic systems under mass 
customization.  
http://porto.polito.it/1676098/1/Rafele_Cagliano_2007.pdf. Accessed 28 March 2017 
Ragatz G, Handfield R, Petersen K (2002) Benefits associated with supplier integration into new 
product development under conditions of technology uncertainty. Journal of Business Research 
55:389-400 
Rall K, Dalhöfer J (2004) Komplexität indirekter Prozesse bei der Erstellung variantenreicher Produkte. 
ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 99(11):623-630 
Rao K, Young R (1994) Global Supply Chains: Factors Influencing Outsourcing of Logistics Functions. 
International Journal of Physical Distribution & Logistics Management 24(6):11-19 
Rapp T (1999) Produktstrukturierung: Komplexitätsmanagement durch modulare Produktstrukturen und  
-plattformen. Springer, Wiesbaden 
Rathnow P (1993) Integriertes Variantenmanagement: Bestimmung, Realisierung und Sicherung der opti-
malen Produktivität. Vandenhoeck & Ruprecht, Göttingen 
Raufeisen M (1997) Komplexitätsreduktion in der Auftragsabwicklung. ZfB Zeitschrift für Betriebs-
wirtschaft 67(2):125-149 
Raufeisen M (1999) Konzept zur Komplexitätsmessung des Auftragsabwicklungsprozesses: Eine 
empirische Untersuchung. Transfer-Centrum, München 
Redlich T, Wulfsberg J, Bruhns F-L (2009) Neue Kooperationsmuster in Entwicklung und Produktion: 
Open Production. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 104(7-8):552-559 
Reif K (2011) Bosch Autoelektrik und Autoelektronik, 6th edn. Springer, Wiesbaden 
Reiners F, Sasse A (1999) Komplexitätskostenmanagement. Kostenrechnungspraxis krp: Zeitschrift für 
Controlling, Accounting & System-Anwendungen 43(4):222-232 
Reiß M (1992) Optimierung der Unternehmenskomplexität. io management 61(7/8):40-43 
Reiß M (1993a) Komplexität beherrschen durch Orga-Tuning. In: Reiß M (ed) Komplexität meistern – 
Wettbewerbsfähigkeit sichern. Schäffer-Poeschel, Stuttgart, pp 1-41 
Reiß M (1993b) Komplexitätsmanagement (I). In: Sieben G, Woll A (eds) WISU – Das Wirtschafts-
studium: Zeitschrift für Ausbildung, Examen und Kontaktstudium, Jahresregister ‘93. Lange & 
Werner, Düsseldorf, pp 54-59 
Reiss M (2011) Komplexitätsmanagement als Grundlage wandlungsfähiger Produktionssysteme. Industrie 
Management 27(3):77-81 
Remenyi D, Williams B, Money A, Swartz E (1998) Doing Research in Business and Management: 
An Introduction to Process and Method. Sage, London 
Renner I (2007) Methodische Unterstützung funktionsorientierter Baukastenentwicklung am Beispiel 
Automobil. Dissertation, Technische Universität München 
References LXXXII 
 
Reuter C, Prote J-P, Stöwer M (2015) Komplexität in Produktionsnetzwerken: Bewertung der 
Komplexitätsveränderung bei Anpassung der Anzahl von Produktionsstandorten. Industrie 4.0 
Management 31(5):8-12 
Riedl R (2000) Strukturen der Komplexität: Eine Morphologie des Erkennens und Erklärens. Springer, 
Berlin 
Robson C (2002) Real World Research, 2nd edn. Blackwell, Oxford 
Rosemann M (1998) Die Komplexitätsfalle. Logistik Heute 20(9):60-62 
Rosenberg O (2002) Kostensenkung durch Komplexitätsmanagement. In: Franz K-P, Kajüter P (eds) 
Kostenmanagement: Wertsteigerung durch systematische Kostensteuerung. Schäffer-Poeschel, 
Stuttgart, pp 185-206 
Rudzio H, Apitz R, Denkena B (2006) Visionen für die Fertigung – Einfach produktiv sein. Industrie 
Management 22(1):51-54 
Ruppert T (2007) Modularisierung des Verbrennungsmotors als strategische Option in der Motoren-
industrie. University Press, Kassel 
Rüßler M (2012) Management von Variantenvielfalt: Steigerung der Produktivität durch prozess-
orientierte Planung. Productivity Management 17(5):12-15 
S 
Sanchez R (1996) Strategic Product Creation: Managing New Interactions of Technology, Markets, and 
Organizations. European Management Journal 14(2):121-138 
Sanchez R, Mahoney J (1996) Modularity, Flexibility, and Knowledge Management in Product and 
Organization Design. Strategic Management Journal 17:63-76 
Saunders M, Lewis P, Thornhill A (2009) Research methods for business students. Pearson, Harlow 
Sauter R (2014) Steuerung im komplexen und dynamischen Marktumfeld – Eine Einführung. In:  
Keuper F, Sauter R (eds) Unternehmenssteuerung in der produzierenden Industrie: Konzepte und 
Best Practices. Springer Gabler, Wiesbaden, pp 4-25 
Schaefer S (1999) Product design partitions with complementary components. Journal of Economic  
Behavior & Organization 38(3):311-330 
Schäfer H, Henning K (1991) Hilfsmittel zur Komplexitätsbewältigung im Tagesgeschäft von Container-
Umschlaganlagen. In: Henning K, Harendt B (eds) Methodik und Praxis der Komplexitätsbewälti-
gung: Wissenschaftliche Jahrestagung der Gesellschaft für Wirtschaft- und Sozialkybernetik am 4. 
und 5. Oktober 1991 in Aachen. Duncker & Humblot, Berlin, pp 155-168 
Schaffer J, Schleich H, Scavarda L, Parry G (2008) Automotive Production: Product Variety and 
how Emerging Economics can avoid Problems of Industrialised Countries. In: Proceedings of the 
16th GERPISA International Colloquium. Turin, Italy, pp 1-11 
Schapiro S, Henry M (2012) Engineering Agile Systems through Architectural Modularity. In: 
Proceedings of the IEEE International Systems Conference SysCon 2012. IEEE, Vancouver, Canada, 
pp 1-6 
Schatz A, Schöllhammer O, Jäger J (2014) Ansatz zum Umgang mit Komplexität in Unternehmen: 
Risiken aufdecken, Chancen erkennen und Potenziale heben. Controlling – Zeitschrift für 
erfolgsorientierte Unternehmenssteuerung 26(12):686-693 
LXXXIII References 
 
Schawel C, Billing F (2011) Top 100 Management Tools: Das wichtigste Buch eines Managers, 3rd edn. 
Gabler, Wiesbaden 
Schawel C, Billing F (2012) Top 100 Management Tools: Das wichtigste Buch eines Managers - Von 
ABC-Analyse bis Zielvereinbarung, 4th edn. Gabler, Wiesbaden 
Scheer A-W, Boczanski M, Muth M, Schmitz W-G, Segelbacher U (2006) Prozessorientiertes 
Product Lifecycle Management. Springer, Berlin 
Scheiter S, Scheel O, Klink G (2007) How Much Does Complexity Really Cost?. A.T. Kearney Inc. 
https://www.atkearney.com/documents/10192/178350/complexity_secure.pdf/cd044988-91e9-
4331-8afe-d72265c745e3. Accessed 6 January 2017 
Scheiter S, Scheel O, Klink G (2008) Was kostet Komplexität wirklich? A.T. Kearney Inc. 
http://www.atkearney.de/content/misc/wrapper.php/name/pdf_complexity_sch 
weiz_secure_12023987390615.pdf. Accessed 10 December 2012 
Schey V, Roesgen R (2012) Mastering Complexity: Focus Topic Paper. Camelot Management 
Consultants. http://www.chemanager-online.com/file/track/18649/1. Accessed 20 December 2016 
Schlick C, Kausch B, Tackenberg S (2008) Project Engineering: Planung komplexer Entwicklungs-
projekte mit ingenieurwissenschaftlichen Methoden am Beispiel der Verfahrenstechnik. In:  
Gronau N (ed) Wettbewerbsfähigkeit durch Arbeits- und Betriebsorganisation. GITO, Berlin, pp 
79-105 
Schließmann C (2010) Komplexe Systeme brechen wie Glas. Die Bank (6):56-59 
Schmid T (2009) Variantenmanagement – Lösungsansätze in den einzelnen Phasen des Produktlebens-
zyklus zur Beherrschung von Variantenvielfalt. Diplomica, Hamburg 
Schmidt A (2015) Überlegene Geschäftsmodelle: Wertgenese und Wertabschöpfung in turbulenten 
Umwelten. Springer Gabler, Wiesbaden 
Schmidt D (1992) Strategisches Management komplexer Systeme: Die Potentiale computergestützter 
Simulationsmodelle als Instrumente eines ganzheitlichen Managements – dargestellt am Beispiel der 
Planung und Gestaltung komplexer Instandhaltungssysteme. Peter Lang, Frankfurt am Main 
Schmidt S (2009) Die Diffusion komplexer Produkte und Systeme: Ein systemdynamischer Ansatz. Gabler 
Verlag, Wiesbaden 
Schmidt C, Wienholdt H, Vorspel-Rüter M (2008) Komplexitätsorientierte Gestaltung von 
Produktionssystemen: Flexible Konfigurationslogik für die Fertigung kundenindividueller Produkte 
zu Kosten der Massenproduktion. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 103(12):841-
844 
Schmitt R, Vorspel-Rüter M, Wienholdt H (2010) Handhabung von Komplexität in flexiblen 
Produktionssystemen: Kundenindividuelle Produkte zu Kosten der Massenproduktion. Industrie 
Management 26(1):53-56 
Schmitz C (2015) Klasse statt Masse. acquisa (5):64-69 
Schoeller N (2009) Internationales Komplexitätsmanagement am Beispiel der Automobilindustrie. 
Dissertation, University of Aachen 
References LXXXIV 
 
Schoeneberg K-P (2014a) Komplexität – Einführung in die Komplexitätsforschung und Herausforderung 
für die Praxis. In: Schoeneberg K-P (ed) Komplexitätsmanagement in Unternehmen: Heraus-
forderungen im Umgang mit Dynamik, Unsicherheit und Komplexität meistern. Springer Gabler, 
Wiesbaden, pp 13-28 
Schoeneberg K-P (2014b) Komplexität zwischen wissenschaftlichem Forschungsverständnis und 
praktischer Umsetzung. In: Schoeneberg K-P (ed) Komplexitätsmanagement in Unternehmen: 
Herausforderungen im Umgang mit Dynamik, Unsicherheit und Komplexität meistern. Springer 
Gabler, Wiesbaden, pp 1-9 
Schoenherr T, Hilpert D, Soni A, Venkataramanan M.A., Mabert V (2010) Enterprise systems 
complexity and its antecedents: a grounded-theory approach. International Journal of Operations & 
Production Management 30(6):639-668 
Schöllhammer O, Jäger J, Bauernhansl T (2014) Studie Komplexitätsbewirtschaftung 2014. 
Fraunhofer IPA.  
http://www.ipa.fraunhofer.de/fileadmin/user_upload/Leitthemen/Komplexitaetsbewirtschaftung/
Studie_Komplexitaetsbewirtschaftung_2014.pdf. Accessed 21 December 2016 
Schömann S. (2012) Produktentwicklung in der Automobilindustrie: Managementkonzepte vor dem 
Hintergrund gewandelter Herausforderungen, Gabler, Wiesbaden 
Schönsleben P (2011) Integrales Logistikmanagement: Operations und Supply Chain Management 
innerhalb des Unternehmens und unternehmensübergreifend, 6th edn. Springer, Heidelberg 
Schott P, Horstmann F, Bodendorf F (2015) Context Specific Complexity Management – A 
recommendation model for optimal corporate complexity. International Journal of Business Science 
and Applied Management 10(2):32-46 
Schöttl F, Herrmann N, Maurer M, Lindemann U (2014) Systematic Procedure for Handling 
Complexity in the Automotive Production. In: Zaeh M (ed) Enabling Manufacturing 
Competitiveness and Economic Sustainability: Proceedings of the 5th International Conference on 
Changeable, Agile, Reconfigurable and Virtual Production (CARV 2013). Springer, Munich, pp 255-
260 
Schubert S (2008) Wettbewerbsvorteile durch Vereinheitlichung am Beispiel der europäischen Schienen-
fahrzeugindustrie. Dissertation, University of Halle-Wittenberg 
Schuh C, Kromoser R, Strohmer M, Romero Pérez R, Triplat A (2011) Der agile Einkauf: 
Erfolgsgarant in volatilen Zeiten. Gabler, Wiesbaden 
Schuh G (1989) Gestaltung und Bewertung von Produktvarianten: Ein Beitrag zur systematischen 
Planung von Serienprodukten. VDI-Verlag, Düsseldorf. 
Schuh G (2005) Produktkomplexität managen – Strategien, Methoden, Tools, 2nd edn. Carl Hanser, 
München 
Schuh G, Arnoscht J, Rudolf S (2010) Integrated Development of Modular Product Platforms. In: 
Kocaoglu D F, Anderson T R, Daim T (eds) Proceedings of International Center for Management 
of Engineering and Technology PICMET. Portland, IEEE, pp 1928-1940 
Schuh G, Canales F, Kubosch A, Paulukuhn L (2005) Lean Innovation – Less Complexity: Steigerung 
von Effektivität und Effizienz in der FuE. Industrie Management 21(3):21-24 
Schuh G, Millarg K, Göransson A (1998) Virtuelle Fabrik: Neue Marktchancen durch dynamische 
Netzwerke. Carl Hanser, München 
LXXXV References 
 
Schuh G, Deger R, Jung M, Meier J, Schöning S (2007a) Managing Complexity in Automotive 
Engineering: Ergebnisse der Studie. University of Aachen.    
http://www.lean-innovation.de/de/managing_complexity/Brosch%C3%BCre_LS_PS_rz.pdf. 
Accessed 20 May 2015 
Schuh G, Froitzheim T, Sommer M (2013) Komplexität beherrschen – Produktivitätssteigerungen 
realisieren: Navigation für Führungskräfte. Industrieanzeiger.    
http://industrieanzeiger.industrie.de/management/navigation-fuer-fuehrungskraefte/.  
Accessed 4 January 2017 
Schuh G, Gartzen T, Wagner J (2015) Complexity-oriented ramp-up of assembly systems. CIRP 
Journal of Manufacturing Science and Technology 10:1-15 
Schuh G, Guo D, Hoppe M, Ünlü V (2014a) Steuerung der Lieferantenbasis. In: Schuh G (ed) 
Einkaufsmanagement, 2nd edn. Springer, Berlin, pp 255-342 
Schuh G, Hoppe M, Schubert J, Mangoldt J v. (2014b) Lieferantenauswahl. In: Schuh G (ed) 
Einkaufsmanagement, 2nd edn. Springer, Berlin, pp 183-254 
Schuh G, Krumm S, Amann W (2013) Chefsache Komplexität: Navigation für Führungskräfte. 
Springer Gabler, Wiesbaden 
Schuh G, Monostroi L, Csáji B, Döring S (2008) Complexity-based modeling of reconfigurable 
collaborations in production industry. CIRP Annals – Manufacturing Technology 57:445-450 
Schuh G, Potente T, Varandani R, Witthohn C (2014c) Consideration of risk management in global 
production footprint design. Procedia CIRP 17:345-350 
Schuh G, Sauer A, Döring S (2006) Komplexitätsorientierte Gestaltung von Kooperationen: Eine 
Chance zur Sicherung des Standorts Deutschland. Industrie Management 22(3):72-74 
Schuh G, Schmidt A, Gottschalk S, Schöning S, Gulden A, Augustin R, Rauhut M, Zancul E, 
Ring T (2007b) Effizient, schnell und erfolgreich: Strategien im Maschinen- und Anlagenbau. 
VDMA, Frankfurt am Main 
Schuh G, Schwenk U (2001) Produktkomplexität managen – Strategien, Methoden, Tools. Carl Hanser, 
München 
Schuh G, Schwenk U, Speth C (1998a) Komplexitätsmanagement im St. Galler Management-Konzept. 
IO Management 67(3):78-85 
Schuh G, Schwenk U, Speth C (1998b) Komplexitätsmanagement als Trade-off aus Scale and Scope. 
Thexis 15(2):134-135 
Schuh G, Wentzel D, Rudolf S, Erkin A, Gerlach M, Schaffrath K (2015) Schnittstellen-
management in der Business-to-Business-Praxis: Wie Unternehmen interne und externe Komplexität 
managen. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 110(11):694-697 
Schulte C (1992) Komplexitätsmanagement. In: Schulte C (ed) Effektives Kostenmanagement: Methoden 
und Implementierung. Schäffer-Poeschel, Stuttgart, pp 83-94 
Schulte C (1995) Komplexitätsmanagement. In: Corsten H, Reiß M (eds) Handbuch Unternehmens-
führung: Konzepte – Instrumente – Schnittstellen. Gabler, Wiesbaden, pp 757-766 
References LXXXVI 
 
Schulz C (2014a) Systemtheorie und Kybernetik als Grundlagen der Modellierung und des Controllings 
von Komplexität. In: Schoeneberg K-P (ed) Komplexitätsmanagement in Unternehmen: Herausfor-
derungen im Umgang mit Dynamik, Unsicherheit und Komplexität meistern. Springer Gabler, 
Wiesbaden, pp 45-64 
Schulz M (2014b) Logistikintegrierte Produktentwicklung: Eine zukunftsorientierte Analyse am Beispiel 
der Automobilindustrie. Springer, Wiesbaden 
Schulze L, Mansky S, Klimek J (2009) Logistics Management of Late Product Individualisation: 
Application in the Automotive Industry. LogForum 5(1):1-11.    
http://www.logforum.net/pdf/5_1_4_09.pdf Accessed 28 March 2017 
Schwandt A, Franklin J R (2010) Logistics: The Backbone for Managing Complex Organizations. 
Haupt, Bern 
Schweiger S (2005) Potenziale heben. Logistik Heute 27(11):40-42 
Schwenk-Willi U (2001) Integriertes Komplexitätsmanagement: Anleitung und Methodik für die produ-
zierende Industrie auf Basis einer typologischen Untersuchung. Difo, Bamberg 
Scott C, Lundgren H, Thompson P (2011) Guide to Supply Chain Management. Springer, Heidelberg 
Seibertz A, Brandstätter M, Schreiber K (2013) Kompositionales Variantenmanagement – Ganzheit-
licher Ansatz zur Komplexitätsbeherrschung im Systems Engineering Umfeld. In: Maurer M, Schulze 
S-O (eds) Tag des Systems Engineering, Carl Hanser, München, pp 165-174 
Seifert S, Butzer S, Westermann H-H, Steinhilper R (2013) Managing Complexity in Remanu-
facturing. In: Proceedings of the World Congress on Engineering 2013 Vol. I WCE 2013. London, 
pp 647-652 
Serdarasan S (2011) A review of supply chain complexity drivers. In: Proceedings of the 41st International 
Conference on Computers & Industrial Engineering. Los Angeles, pp 792-797 
Serdarasan S (2013) A review of supply chain complexity drivers. Computers & Industrial Engineering 
66:533-540 
Servatius H-G (2010) Gestaltung von interaktiven Strategieprozessen im Enterprise 2.0. Information 
Management and Consulting 25(4):6-13 
Shah A (2015) Literature Survey vs. Literature Review.    
https://www.researchgate.net/post/What_is_the_main_difference_between_Literature_Survey
_and_Literature_Review. Accessed 9 July 2016 
Shamsuzzoha A (2011) Modular product architecture for productivity enhancement. Business Process 
Management Journal 17(1):21-41 
Shamsuzzoha A, Helo P, Kekäle T (2008) Literature Overview of Modularity in World Automotive 
Industries. In: Proceedings of the Portland International Conference on Management of Engineering 
& Technology PICMET ‘08. Portland, IEEE, pp 1595-1602 
Shamsuzzoha A, Helo P (2011) Information dependencies within product architecture: prospects of 
complexity reduction. Journal of Manufacturing Technology Management 22(3):314-329 
Siddique Z, Rosen D (2001) Identifying Common Platform Architecture for a Set of Similar Products. 
In: Proceedings of the 1st Interdisciplinary World Congress on Mass Customization and 
Personalization MCPC 2001. Hong Kong, pp 1-11 
LXXXVII References 
 
Siebertz K, Bebber D van, Hochkirchen T (2010) Statistische Versuchsplanung: Design of 
Experiments (DoE). Springer, Berlin 
Simon H (1962) The architecture of complexity. Proceedings of the American Philosophical Society 
106(6):467-482 
Simpson T (2004) Product platform design and customization: Status and promise. Artificial Intelligence 
for Engineering Design, Analysis and Manufacturing 18(1):3-20 
Skirde H (2015) Kostenorientierte Bewertung modularer Produktarchitekturen. Josef Eul, Lohmar 
Slamanig M (2011) Produktwechsel als Problem im Konzept der Mass Customization: Theoretische 
Überlegungen und empirische Befunde. Gabler, Wiesbaden 
Spath D, Demuß L (2006) Entwicklung hybrider Produkte – Gestaltung materieller und immaterieller 
Leistungsbündel. In: Bullinger H-J, Scheer A-W (eds) Service Engineering: Entwicklung und 
Gestaltung innovativer Dienstleistungen, 2nd edn. Springer, Berlin, pp 463-502 
Specht G, Beckmann C (1996) F&E-Management: Kompetenz im Innovationsmanagement. Schäffer-
Poeschel, Stuttgart 
Springer R (2005) Flexible Standardisierung am Beispiel der Automobilindustrie. In: Antoni C,  
Eyer E (eds) Das flexible Unternehmen: Digitale Fachbibliothek. Symposion Publishing, Düsseldorf, 
pp 1-30 
Stang S, Hesse L, Warnecke G (2002) Plattformkonzepte: Eine strategische Gratwanderung zwischen 
Standardisierung und Individualität. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 97(3):110-
115 
Stark G, Oman P (1995) A Survey Instrument for Understanding the Complexity of Software 
Maintenance. Journal of Software Maintenance: Research and Practice 7(12):421-441 
Stauder J, Buchholz S, Klocke F, Mattfeld P (2014) A new framework to evaluate the process 
capability of production technologies during production ramp-up. Procedia CIRP 20:126-131 
Steffen D, Gausemeier J (2007) Modularisierung mechatronischer Systeme. Industrie Management  
23(6):9-12 
Steger U, Amann W, Maznevski M (2007) Managing Complexity in Global Organizations. John Wiley 
& Sons, Chichester 
Steinhilper R, Westermann H-H, Butzer S, Haumann M, Seifert S (2012) Komplexität messbar 
machen: Eine Methodik zur Quantifizierung von Komplexitätstreibern und –wirkungen am Beispiel 
der Refabrikation. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 107(5):360-365 
Steinhoff F (2006) Kundenorientierung bei hochgradigen Innovationen: Konzeptualisierung, empirische 
Bestandsaufnahme und Erfolgsbetrachtung. Deutscher Universitäts-Verlag, Wiesbaden 
Stephan D (2015) Das fehlende Puzzlestück. Process 6:36-38 
Stich V, Kompa S, Meier C, Cuber S (2011) Produktion am Standort Deutschland: Faktoren für eine 
nachhaltige Wettbewerbssicherung. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 106(11):855-
860 
Stirzel M (2010) Controlling von Entwicklungsprojekten: Dargestellt am Beispiel mechatronischer 
Produkte. Gabler, Wiesbaden 
References LXXXVIII 
 
Straube F, Doch S, Huynh T (2007) Logistikstrategien für die globalen Produktionsstrukturen der 
Automobilindustrie. Industrie Management 23(1):35-38 
Straube F, Mayer A (2007) Modularisierung logistischer Systeme. Industrie Management 23(6):53-55 
Stuhler H, Ricken V, Diener R (2010) Aufbau und Anpassung der Motorsteuerungs-Software für Otto- 
und Dieselmotoren. In: Isermann R (ed) Elektronisches Management motorischer Fahrzeugantriebe: 
Elektronik, Modellbildung, Regelung und Diagnose für Verbrennungsmotoren, Getriebe und Elektro-
antriebe. Vieweg & Teubner, Wiesbaden, pp 38-66 
Subramanian N, Rahman S (2014) Supply Chain Complexity and Strategy. In: Ramanathan U, 
Ramanathan R (eds) Supply Chain Strategies, Issues and Models. Springer, London, pp 1-27 
Subramanian N, Rahman S, Abdulrahman M (2015) Sourcing complexity in the Chinese 
manufacturing sector: An assessment of intangible factors and contractual relationship strategies. 
International Journal of Production Economics 166:269-284 
Sun C, Rose T (2015) Supply Chain Complexity in the Semiconductor Industry: Assessment from System 
View and the Impact of Changes. IFAC PapersOnLine 48(3):1210-1215 
T 
Tamaskar S, Neema K, DeLaurentis D (2014) Framework for measuring complexity of aerospace 
systems. Research in Engineering Design 25(2):125-137 
Tenhiälä A (2009) Contingency Theories of Order Management, Capacity Planning, and Exception 
Processing in Complex Manufacturing Environments. Dissertation, Helsinki University of 
Technology 
Terada Y, Murata S (2008) Automatic Modular Assembly System and its Distributed Control. The 
International Journal of Robotics Research 27(3-4):445-462 
Theuer H (2015) Serienprodukte ganz individuell. Productivity 20(3):14 
Thiebes F, Plankert N (2014) Umgang mit Komplexität in der Produktentwicklung: Komplexitäts-
beherrschung durch Variantenmanagement. In: Schoeneberg K-P (ed) Komplexitätsmanagement in 
Unternehmen: Herausforderungen im Umgang mit Dynamik, Unsicherheit und Komplexität 
meistern. Springer Gabler, Wiesbaden, pp 165-186 
Thomas P (2008) Mass Customization als Wettbewerbsstrategie in der Finanzdienstleistungsbranche. 
Gabler, Wiesbaden 
Thorogood A, Yetton P (2004) Reducing the Technical Complexity and Business Risk of Major Systems 
Projects. In: Proceedings of the 37th Hawaii International Conference on System Sciences. Hawaii, 
IEEE, pp 1-9 
Thun J-H, Stumpfe J (2004) Integration von Produkt- und Prozessentwicklung – Zur Problematik von 
Komplexität und Dynamik bei der Innovation von Produkten und Prozessen. In: Maier F (ed) 
Komplexität und Dynamik als Herausforderung für das Management. Deutscher Universitäts-Verlag, 
Wiesbaden, pp 155-178 
Tomiyama T, D’Amelio V (2007) Toward Design Interference Detection to Deal with Complex Design 
Problems. In: Krause F-L (ed) The Future of Product Development: Proceedings of the 17th CIRP 
Design Conference. Springer, Berlin, pp 473-482 
LXXXIX References 
 
Tresselt C (2015) The management of complexity in project management – a qualitative and quantitative 
case study of certified project managers in Germany. Dissertation, University of Gloucestershire.  
http://eprints.glos.ac.uk/2924/1/Christian%20Tresselt%20DBA%20thesis%202015%20redacted%2
0for%20signature%20and%202%20images.pdf. Accessed 08 January 2017 
Trzesniowski M (2014) Rennwagentechnik: Grundlagen, Konstruktion, Komponenten, Systeme, 4th edn. 
Springer, Wiesbaden 
U 
Ulrich H (1970) Die Unternehmung als produktives soziales System: Grundlagen der allgemeinen 
Unternehmungslehre. Haupt, Bern/Stuttgart 
Ulrich K, Eppinger S (2000) Product design and development, 2nd edn. McGraw Hill, Boston 
V 
Vickers P, Kodarin A (2006) Deriving Benefit from Supply Chain Complexity: Complexity can be an 
important source of competitive advantage – provided you know how to manage it. PRTM 
Viehweger B, Malikov V (2013) Leichtbau durch Produktionsinnovationen: Berichte aus der inpro-
Innovationsakademie. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 108(4):187-192 
Vizjak A, Schiffers E (1996) Zu Viele, zu detaillierte und zu häufige Berichte. Blick durch die Wirtschaft 
39(23):9 
Vogel W (2017) Complexity Management Approach for Resource Planning in Variant-rich Product 
Development. In: Bode Ch, Bogaschewsky R, Eßig M, Lasch R, Stölzle W (eds) Supply Management 
Research: Aktuelle Forschungsergebnisse 2017. Springer Gabler, Wiesbaden 
Vogel W, Lasch R (2015) Approach for Complexity Management in Variant-rich Product Development. 
In: Blecker T, Kersten W, Ringle C M (eds) Operational Excellence in Logistics and Supply Chains: 
Proceedings of the Hamburg International Conference of Logistics (HICL). Hamburg, pp 97-140 
Vogel W, Lasch R (2016) Complexity drivers in manufacturing companies: a literature review. Logistics 
Research 9:25 
Voigt K-I, Baccarella C, Wassmus A, Meißner O (2011) The Effects of Customer Orientation on 
the Product Performance of Technological Innovations: A Comparison between SMEs and Large 
Companies. In: Proceedings of the International Conference on Technology Management in the 
Energy-Smart World (PICMET). IEEE, Portland, pp 1-11 
Vollmar J, Gepp M (2015) Framework for Standardization Programs in the Engineer-To-Order Industry. 
In: Proceedings of the Portland International Conference on Management of Engineering and 
Technology (PICMET). IEEE, Portland, USA, pp 13-20 
W 
Waldthausen C von (2007) Vertrieb komplexer Produkte: Vertriebsorganisation zwischen Gesamt-
kundenverantwortung und Produktexpertise. Rainer Hampp, München 
Wallenburg C, Weber J (2005) Management von Produktion und Logistik bei Umweltdynamik. 
Industrie Management 21(5):45-48 
References XC 
 
Wallner M, Brunner U, Zsifkovits H (2015) Modelling Complex Planning Processes in Supply Chains. 
In: Blecker T, Kersten W, Ringle C M (eds) Operational Excellence in Logistics and Supply Chains: 
Proceedings of the Hamburg International Conference of Logistics (HICL). Hamburg, pp 3-30 
Wangenheim S von (1998a) Integrationsbedarf im Serienanlauf dargestellt am Beispiel der Automobil-
industrie. In: Horváth P, Fleig G (eds) Integrationsmanagement für neue Produkte. Schäffer 
Poeschel, Stuttgart, pp 57-86 
Wangenheim S von (1998b) Planung und Steuerung des Serienanlaufs komplexer Produkte: Dargestellt 
am Beispiel der Automobilindustrie. Europäischer Verlag der Wissenschaften, Frankfurt am Main 
Warnecke G (2010) Komplexität: mit Kompetenz bewältigen, mit Technik beherrschen. ZWF Zeitschrift 
für wirtschaftlichen Fabrikbetrieb 105(7-8):639-641 
Warnecke G, Puhl H (1997) Komplexitätsmanagement: Mit Systemdenken zur Beherrschung der 
Komplexität. wt Werkstattstechnik 87:359-363 
Wassmus A (2014) Serviceorientierung als Erfolgsfaktor und Komplexitätstreiber beim Angebot hybrider 
Produkte. Springer Gabler, Wiesbaden 
Weber J (1994) Logistik-Kennzahlen. Handelsblatt (203), 20 October, p 24 
Wegehaupt P (2004) Führung von Produktionsnetzwerken. Dissertation, University of Aachen 
Westphal J (2000) Komplexitätsmanagement in der Produktionslogistik. Technische Universität Dresden. 
http://tu-dresden.de/die_tu_dresden/fakultaeten/vkw/iwv/diskuss/2000_4_diskusbtr_ivw.pdf. 
Accessed 20 May 2015 
Westphal J (2001) Komplexitätsmanagement in der Produktionslogistik: Entwicklung eines Ansatzes zur 
flußorientierten Gestaltung und Lenkung von heterogenen Produktionssystemen. Dissertation, 
Technische Universität Dresden 
Wiermeier B, Haberfellner R (2007) Referenzmodelle in der Automobilindustrie. Industrie Management 
23(3):47-50 
Wildemann H (1995) Komplexitätsmanagement in der Fabrikorganisation. ZWF Zeitschrift für wirt-
schaftlichen Fabrikbetrieb 90(1-2):21-26 
Wildemann H (1998) Komplexitätsmanagement durch Prozess- und Produktgestaltung. In: Adam D (ed) 
Komplexitätsmanagement. Gabler, Wiesbaden, pp 47-68 
Wildemann H (1999a) Ansätze für Einsparpotentiale. Logistik Heute 21(4):64-67 
Wildemann H (1999b) Komplexität: Vermeiden oder beherrschen lernen. Harvard Business  
Manager (6):31-42 
Wildemann H (2000) Komplexitätsmanagement: Vertrieb, Produkte, Beschaffung, F&E, Produktion und 
Administration. Transfer-Centrum, München 
Wildemann H (2001) Supply Chain Management mit E-Technologien. University of Klagenfurt.   
http://wiwi.uniklu.ac.at/Forschung/07.pdf. Accessed 23 May 2015 
Wildemann H (2003) Produktordnungssysteme: Leitfaden zur Standardisierung und Individualisierung 
des Produktprogramms durch intelligente Plattformstrategien. Transfer-Centrum, München 




Wildemann H (2007a) Supply Chain Management. In: Köhler R, Küpper H-U, Pfingsten A (eds) Hand-
wörterbuch der Betriebswirtschaft. Schäffer-Poeschel, Stuttgart, pp 1721-1730 
Wildemann H (2007b) Weiterentwicklung von Produktionssystemen: Neue Methoden zur Produktions-
optimierung. Industrie Management 23(3):19-22 
Wildemann H (2009) Produkte & Services entwickeln und managen, 2nd edn. Transfer-Centrum, 
München 
Wildemann H (2011) Variantenmanagement: Leitfaden zur Komplexitätsreduzierung, -beherrschung und  
-vermeidung, 19th edn. Transfer-Centrum, München 
Wildemann H (2012) Komplexitätsmanagement in Vertrieb, Beschaffung, Produkt, Entwicklung und 
Produktion, 13th edn. Transfer-Centrum, München 
Wildemann H (2013) Komplexitätsmanagement in Vertrieb, Beschaffung, Produkt, Entwicklung und 
Produktion, 14th edn. Transfer-Centrum, München 
Wildemann H, Voigt K-I (2011) Komplexitätsindex-Tool: Entscheidungsgrundlagen für die Produkt-
programmgestaltung bei KMU. Transfer-Centrum, München 
Wilke J (2012) Supply Chain Koordination durch Lieferverträge mit rollierender Mengenflexibilität: Eine 
Simulationsstudie am Beispiel von Lieferketten der deutschen Automobilindustrie. Gabler, 
Wiesbaden 
Winkler H, Allmayer S (2012) Schnittstellenmanagement bei kundenindividueller Produktion. 
Productivity Management 17(1):16-19 
Wleklinski C (2001) Methode zur Effektivitäts- und Effizienzbewertung der Entwicklung maschinen-
baulicher Anlagen. Bonifatius Verlag, Paderborn 
Wölfling C (2014) Komplexität im Anlagenbau.     
http://www.gfse.de/Dokumente_Mitglieder/studienpreis/sp_2014/P9900_Studienpreis_Komplexi
taet_TdSE_2014_CW_R00_140921.pdf. Accessed 04 January 2017 
Wu Y, Frizelle G, Efstathiou J (2007) A study on the cost of operational complexity in customer-
supplier systems. International Journal of Production Economics 106(1):217-229 
Wulf S, Redlich T, Wulfsberg J P (2015) Die Strategie der Offenheit in der industriellen 
Wertschöpfung. ZWF Zeitschrift für wirtschaftlichen Fabrikbetrieb 110(3):107-113 
Wüpping J (2003) Praxiserfahrungen Variantenmanagement und Produktkonfiguration. Industrie 
Management 19(1):49-52 
Wüpping J (2011) Renditekiller Komplexität: Vielfalt einfach – Nicht Einfalt vielfach. Controller Magazin 
July/August 2011:66-71 
Wüpping J (2013) Warum einfach? Es geht auch kompliziert! – Der kontrollierte Umgang mit 
Komplexität. In: Gleich R, Klein A (eds) Komplexitätscontrolling: Komplexität verstehen und 
beherrschen. Haufe, Freiburg, pp 129-146 
Y 
Yang B, Yang Y (2010) Postponement in supply chain risk management: a complexity perspective. Inter-
national Journal of Production Research 48(7):1901-1912 
References XCII 
 
Yang N-D, Ji Y (2010) Study of R&D Project Complexity’s Influencing Mechanism on Organization 
Structure. In: Proceedings of the International Conference on Future Information Technology and 
Management Engineering FITME 2010. IEEE, Changzhou, China, pp 181-184 
Z 
Zahn E, Kapmeier F, Tilebein M (2006) Formierung und Evolution von Netzwerken – ausgewählte 
Erklärungsansätze. In: Wojda F, Barth A (eds) Innovative Kooperationsnetzwerke, Gabler, 
Wiesbaden, pp 129-150 
Zenner C (2006) Durchgängiges Variantenmanagement in der Technischen Produktionsplanung. Disser-
tation, Universität des Saarlandes 
Zerres C (2014) Notwendigkeit und Strategien eines Komplexitätsmanagements für variantenreiche  
Produkte – Ein Beitrag am Beispiel der Automobilbranche. In: Schoeneberg K-P (ed) Komplexitäts-
management in Unternehmen: Herausforderungen im Umgang mit Dynamik, Unsicherheit und 
Komplexität meistern. Springer Gabler, Wiesbaden, pp 289-308 
Zhang Y-L, Yang N-D (2012) Research on the Evolutionary Mechanism of NPD Project Complexity 
Based on the CAS Theory. In: Lan H, Yang Y-H (eds) Proceedings of the 19th International 
Conference on Management Science & Engineering. Dallas, University of Texas & Harbin Institute 
of Technology, IEEE, pp 230-235 
Zhou D (2002) An Empirical Study of the Role of Postponement Application in Reducing Supply Chain 
Complexity. In: Proceedings of the IEEE International Engineering Management Conference: 
Managing Technology for the New Economy IEMC-2002. IEEE, Cambridge, UK, pp 448-453 
Zich C (1996) Integrierte Typen- und Teileoptimierung: Neue Methoden des Produktprogramm-Manage-
ments. Gabler, Wiesbaden 
Zimmermann K, Fabisch N (2014) Personalmarketing als Baustein eines Komplexitätsmanagements in 
der logistischen Personalbeschaffung. In: Schoeneberg K-P (ed) Komplexitätsmanagement in Unter-
nehmen: Herausforderungen im Umgang mit Dynamik, Unsicherheit und Komplexität meistern. 
Springer Gabler, Wiesbaden, pp 249-274 
  
XCIII Eidesstattliche Erklärung 
 
Eidesstattliche Erklärung 
Hiermit versichere ich, dass ich die vorliegende Arbeit ohne unzulässige Hilfe Dritter und ohne Benutzung 
anderer als der angegebenen Hilfsmittel angefertigt habe; die aus fremden Quellen direkt oder indirekt über-
nommenen Gedanken sind als solche kenntlich gemacht. 
Bei der Auswahl und Auswertung des Materials sowie bei der Herstellung des Manuskripts habe ich Unter-
stützungsleistungen von folgenden Personen erhalten:   Prof. Dr. rer. pol. Rainer Lasch 
Weitere Personen waren an der geistigen Herstellung der vorliegenden Arbeit nicht beteiligt. Insbesondere habe 
ich nicht die Hilfe eines kommerziellen Promotionsberaters bzw. einer kommerziellen Promotionsberaterin in 
Anspruch genommen. Dritte haben von mir weder unmittelbar noch mittelbar geldwerte Leistungen für 
Arbeiten erhalten, die im Zusammenhang mit dem Inhalt der vorgelegten Dissertation stehen. 
Die Arbeit wurde bisher weder im Inland noch im Ausland in gleicher oder ähnlicher Form einer anderen 
Prüfungsbehörde vorgelegt und ist auch noch nicht veröffentlicht worden. 
 
Stuttgart, den 31. Oktober 2018 
 
gez. Wolfgang Vogel 
 
